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CHRONIC PASSIVE CONGESTION OF THE LIVER* 


CHANNING FROTHINGHAM, Jr., M.D. 


BOSTON 


In the text-books on pathology a lesion of the liver is described in 
which the liver cells around the hepatic veins are atrophied and wanting, 
and the blood spaces are distended and filled with blood. This condition 
is generally supposed to result from continued pressure on the liver cells 
due to passive congestion. This continued pressure causes the cells to 
atrophy and disappear. 

Mallory’ describes a hemorrhagic type of necrosis. In this type an 
exudate into the spaces occupied by the necrotic liver cells is composed 
chiefly of red-blood corpuscles. These dilated spaces filled with red- 
blood corpuscles give the appearance of dilated sinusoids (especially when 
the necrotic liver cells have more or less disappeared). As a matter of 
fact, the sinusoids in these cases are practically empty and collapsed. 

As a result of recent histologic study of a series of cases Mallory? 
reports that the type of congested liver mentioned in the text-books is 
not the result of chronic passive congestion only, but that the passive 
congestion is complicated by a hemorrhagic necrosis around the hepatic 
veins. In these cases the necrotic liver cells are in various stages of 
disintegration and disappearance, so that they are readily overlooked. 
The dilated liver cell spaces filled with blood are commonly mistaken for 
dilated sinusoids. 

The object of this work has been to study the clinical history of a 
series of cases, in order to see if the clinical picture would support the 


view that an uncomplicated chronic passive congestion would not show 


any disappearance of liver cells. 


A series of cases was examined which had been treated at the Boston 
City Hospital and eventually came to autopsy. It soon became apparent 
that in the majority of cardiac cases of long standing that suffered from 
broken compensation the liver presented the picture of loss of liver cells 
around the hepatic veins. The following case is a typical one of this 
class, of which over a dozen cases were studied. 

* Published with approval of the Committee on Fellowships as part of the 
work done under a Bullard Fellowship, Harvard University, 1908-1909. 

1. Mallory, F. B.: Necrosis of the liver. Jour. Med. Research, 1901, vi, 264. 

2. Mallory, F. B.: As yet unpublished. 











4 CHRONIC PASSIVE CONGESTION OF LIVER 


In this and subsequent clinical histories only those features are 
recorded which pertain to the cardiac condition. In the autopsy reports 
7 


only those parts are recorded which relate to the question of chronic 


passive congestion. Then the complete anatomic diagnosis is given. 


CASE |] Boston City Hospital Autopsy Record, 1905, 122).—Patient \ 
man, 71 years old, entered hospital June 17, 1905. Past history brief, but nega 
tive as regards heart For two years he had had precordial pain off and on; 
shortness of breath on going up hill; gradually increasing dyspnea and orthopnea. 

Physical Examination.—This showed dyspnea, orthopnea, cyanosis, puffiness 
of face Heart slightly enlarged, sounds distant and weak. Rales throughout 
both lungs, more marked at the bases behind Liver extended from fourth rib 
to costal margin, edge not felt Abdominal wall edematous. Slight dulness in 








flanks. Considerable edema of legs and thigh Cyanosis of extremities. 
From entrance until July 29, 1905, the patient ran a typical course of grad 


ually increasing cardiac failure and died on that date 


lutopsy Re port This showed: edema of legs, thighs, scrotum, slight ascites, 
hydrothorax and hydropericardium. Heart weight was 965 gm. Valve measure 
ments tricuspid, 16 em pulmonic, 10.5 em mitral, 12 em aortic, 9 em 
Except for their size and a few yellowish thickenings on the mitral the valves 
were normal rhere were thrombi in the right auricle and ventricle. 

inatomi Diagnosis General arteriosclerosis; chronic myocarditis: hyper 


trophy and dilatation of the heart; relative insufficiency of the valves; chroni 
passive congestion of lungs, spleen, liver and gastrointestinal tract; pulmonary 
emboli and infarctions; anasarea; cholelithiasis; fatty infiltration of liver 
chronic adhesive pleuritis; chronic perisplenitis 

Vicroscopic Examination rhe liver showed congestion, especially marked 
around the hepatic vein with disappearance of liver cells, but on high-power 
examination the red blood corpuscles were found to be to a large extent in the 
spaces formerly occupied by the liver cells; also some remains of necrotic liver 
cells and pigmented cells were present. Therefore, in this case we have a com 


bination of chronic passive congestion and hemorrhagic necrosis. 


A series of twelve cases were next studied in which the liver showed 
congestion, but no disappearance of liver cells. Two of these cases are 
given below. ‘These cases are the best examples from the series, not just 
average cases 

CASE 2 (Boston City Hospital Autopsy Records, 1906, No. 113 Patient 
\ woman, aged 49, entered the Boston City Hospital for the first time Dec. 23, 
1905. She gave an indefinite history of rheumatism seven years previous. Her 
present illness had a duration of five months. She complained of pain over the 
precordia, shortness of breath, orthopnea and cough with abundant yellowish 
expectoration. Her ankles had also been swollen. 

First Physical Examination.—This revealed an irregular pulse, enlarged heart, 
ind cardiac murmurs. The lungs showed a few rales at the bases. The liver was 
enlarged by percussion. There was a question of a slight ascites, and there was 
marked edema of the lower legs 

During the patient’s stay in the hospital, until Jan. 20, 1906, her heart 
became more regular, the murmurs became more pronounced, and her edema prac 
tically cleared up. On March 20, 1906, she was readmitted to the hospital. She 

3. These measurements refer to the circumference of the valve, measured at 


the base of the leaflets after the heart has been opened. 
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had been pretty well until the last few weeks During this time she had been 
unable to lie down and has been short of breath. 

Second Physical Examination.—This showed cyanosis, dyspnea, orthopnea, an 
irregular and enlarged heart with double murmurs, signs of fluid in both bases; 
liver enlarged to percussion, but not felt; ascites and marked edema of the legs. 
On April 14, 1906, the patient’s symptoms had improved slightly, but had not 
disappeared. She left the hospital, however. On May 22, 1906, she again entered 
the hospita' Since her last discharge she had not been well. She could not li 
down and she raised considerable yellow sputum tinged with blood. 

Third Physical Examination.—Physical examination showed dyspnea, orthop 
nea and cyanosis. The heart was enlarged, irregular and weak with double mur 
murs. There was hydrothorax, ascites and marked edema. The size of the liver 
could not be made out by percussion. 

On April 29, after a few days of apparent improvement, the patient suddenly 
died. At no time during her stays in the hospital was her temperature elevated 
except for two days at the time of entrance on the last time. 

{utopsy Report.—Rather obese woman. Slight edema right hand and foot 
Marked edema left arm and hand, leg and foot. Slight ascites. Hydrothorax and 
hydropericardium. Heart, 700 cm. Measurements of valves: tricuspid, 13 em.; 
pulmonic, 8.5 em.; mitral, 11.5 em.; aortic, 8.5 em. Myocardium pale. Slight 


thickening of the endocardium over the mitral leaflets No retraction Lungs 
infarction of the left lower lobe. Liver, 2400 gm. Vessels engorged 
inatomic Diagnosis.—Acute pericarditis; acute and chronic pleuritis; 


hypertrophy and dilatation of the heart; chronic myocarditis; chronic endo 
carditis; chronic passive congestion of the liver, spleen and kidney; embolus 
of pulmonary artery; atelectasis of lower lobe left lung and lower part of uppe 
lobe of left lung, ovarian cyst, mucous polyp of the cervix of the uterus, chronic 
ependymitis; arteriosclerosis; edema of brain; cysts of choroid plexus. 

Microscopic Examination.—The liver showed a distention and engorgement of 
all the sinusoids and blood-vessels with red blood cells. There was no apparent 
diminution in number of the liver cells, or necrosis of liver cells. 

Case 3 (Boston City Hospital Autopsy Records, 1907, No. 2).—Patient \ 
man, aged 48, entered hospital Oct. 19, 1906. Past history brief and negative in 
regard to the heart. Present illness has duration of one month. Onset, which 
was gradual, consisted of shortness of breath. Then patient noticed he had to 
pass urine four to five times at night, also that his feet began to swell and 
gradually his scrotum. 

First Examination.—This showed heart enlarged to the right, action regular, 
sounds faint, and a faint systolic murmur at apex and an increased pulmonic 
second sound; liver apparently not enlarged, slight ascites and marked edema of 
legs, thighs and scrotum. The patient’s urine showed a good deal of albumin 
some blood cells, but no fat. 

The patient stayed in the hospital until October 31, when, his edema having 
disappeared, he went home. He was considered a case of nephritis of a diffuse 
type. After leaving hospital the patient said he worked until the latter part of 
December. On December 27, 1906, the patient again entered the hospital on 
account of shortness of breath and swollen legs, which had been coming on for 
three weeks. 

Second Physical Examination.—This showed the following points: Cyanosis, 
heart area which could not be made out. Heart sounds weak and no murmurs 
Edema and pleural fluid at the bases of both lungs, ascites and marked edema of 
legs, thighs and scrotum. The liver dulness was not made out. The edema steadily 
increased until the patient died, Dec. 31, 1906. The clinical diagnosis was still 
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a form of nephritis. There was no elevation of the temperature at either of the 
stays in the hospital. 

Autopsy Report.—Finger-tips blue, marked edema of body, less of face; 
ascites, hydrothorax, hydropericardium. Heart, 710 gm. Valves normal. 
Measurements: tricuspid, 13 cm.; pulmonic, 8 cm.; mitral, 9.5 em.; aortic, 7 
em. Color of myocardium brownish-red with yellow and light gray areas, 
eoronaries slightly thickened. 

Anatomic Diagnosis.—Hypertrophy of heart; general anasarca; cough and 
edema of lungs; chronic passive congestion of the spleen, liver and kidney; 
chronic pleurisy; arteriosclerosis; aberrant pancreas; edema and congestion of 
the brain; cyst of choroid plexus; arteriosclerosis of the basal vessels. 

Microscopic Examination.—The liver showed congestion of the sinusoids and 
blood vessels with red blood corpuscles, but no diminution of the liver cells or 
necrosis of them. Kidney showed congestion, some sclerosis of the arteries and 
thickening of some of the walls of the glomerular capillaries. 

From the autopsy findings it seems evident that this was not a case of 
chronic diffuse nephritis, but that the main cause of the edema lay in the 
weakened, hypertrophied and somewhat dilated heart. 

There is no doubt that in these two cases we are dealing with long- 
standing cardiac insufficiency. Both of these patients had congestion of 
the liver. Neither of these cases presented a picture of destruction of 
the liver cells from long-continued pressure. From these two series it is 
evident that cases of chronic passive congestion of long standing exist 
without any disappearance of the liver cells. Furthermore, it is evident 
that in cases where the liver cells have disappeared this disappearance is 
due to necrosis and not to continued pressure. 

To emphas ze the point that necrosis and not long-continued conges- 
tion is the primary factor in livers in which the cells have disappeared, 
the following case is given, which represents a small class of cases studied : 

CASE 4 (Boston City Hospital Autopsy Record, 1907, No. 37).—Patient.—A 
man, aged 65, entered hospital Jan. 26, 1907. His past history is brief and nega 
tive as regards the heart. His present illness is of eleven days’ duration, and 
started with a sudden attack of dyspnea and with a cough accompanied by a 
thick white sputum. He has had three chills in three weeks, some pain over the 
precordia. He has noticed no swelling of the legs. 

Physical Examination.—This showed marked prostration and dyspnea. Pulses 
regular and Corrigan in type. Heart slightly enlarged with a regular action and 
diastolic murmur, denoting a leak at the aortic valve. The lungs showed a dif 
fuse bronchitis, but no edema at bases. The liver extended from the sixth rib to 
the costal margin. Its edge was not felt. There was no edema. After five days 
in the hospital without appreciable change a sudden acute general edema of the 
lungs developed and the patient died. 

1utopsy Report.—No edema; 400 c.c. slightly peritoneal fluid. Heart, 760 
gm. Cavities very large. Aortic valve, many small white calcified masses. Other 
valves normal in appearance. Measurements of valves: tricuspid, 14 cm.; pul- 
monic, 9 em.; mitral, 11.3 em.; aortic, 8.5 em. Liver weight, 1700 gm.; dark 
brown in color with increased consistency; markings very distinct. Weight of 
kidneys, 350 gm Each kidney has a few cysts. The glomeruli visible. Capsule 


str ips easily 
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inatomic Diagnosis—Hypertrophy and dilatation of heart; chronic neph 
ritis; bronchopneumonia, chronic pleuritis; edema and congestion of lungs; slight 
chronic endocarditis; arteriosclerosis; double inguinal hernia; chronic localized 
peritonitis, subpial edema; cyst of chorioid; arteriosclerosis of basal vessels. 

Microscopic Examination.—The liver is not especially congested throughout. 
There is quite an extensive necrosis of the liver cells around the central veins 
Near the central veins around these necrotic cells the red blood cells are filling 
the sinusoids and also the spaces occupied by the necrotic and shrunken liver 
cells, and also spaces from which the liver cells seem to have disappeared. Kid- 
ney: Some of the glomeruli are sclerotic with a slight amount of lymphocytic 
infiltration and slight increase of connective tissue. Much of the tubular epithe 
lium is granular with an occasional cast. 

Here we have a case of an enlarged heart apparently due to arterio 
sclerosis or to chronic nephritis of long standing. ‘The heart, however, 
has never shown broken compensation, and that it has been able to do its 
work well is shown by the fact that there was never any edema and that 
microscopically the liver was not especially congested. Still, in this cass 
there is the appearance around the central veins of congestion and disap- 
pearance of liver cells. In other places, however, where there is no 
congestion, the liver cells around the hepatic vein are necrotic, and thes 
necrotic cells are in such numbers that it is impossible to record their 
death as due to anything short of a toxin. In other words, this is a 
typical case of central necrosis due to toxins, but it is complicated by 
being of the hemorrhagic type in many places, and therefore closely 
resembles the picture considered characteristic of chronic passive con- 
gestion. Although no especial study has been made of the point, it has 
been noted that this form of hemorrhagic necrosis has been met with only 
in cases in which there is some disturbance of the circulation. 

From these cases the following conclusions seem justifiable: Uncom- 
plicated chronic passive congestion of the liver, even in cases of long 
standing, does not necessarily lead to atrophy and disappearance of liver 
cells. It is, therefore, possible to imagine their disappearance in other 
cases as due to something else than long-continued congestion. Hemor- 
rhagic necrosis of the liver is a very frequent complication of chronic 
passive congestion of the liver. This form of liver necrosis probably 


occurs only in cases W ith some de gree of « ardias insufficienc 
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CHRONIC ALEUCEMIC ENLARGEMENT OF THE 
LYMPHATIC GLANDS * 


Cc. W. DUVAL, M.D 
NEW ORLEANS 
AND 
C. P. HOWARD, B.A., M.D 


MONTREAI 


Our only excuse for adding to the already overburdened literaturs 
the pathology of the lymphatic glands is the belief that there is still need 
for long and careful observation on cases of any disease of this system, 

it more especially of the group originally designated by the term 


“pseudoleucemia.” Our knowledge of this group has reached the point 


where one case, studied carefully by the clinician in conjunction with the 


pathologist, is of more value than a large series of cases drawn from the 
average medical, surgical and pathological records, which are not con 
plete in all the 1 ssa details 
HISTORY OF CASI 
Patient An unmarried white woman, J. G., aged 29, was admitted to the Mon- 


treal General Hospital, Oct. 20, 1907, complaining of weakness, loss of weight, 
enlargement of the glands, morning chills and pain in the left side of the abdomen. 
lhe patient was born in Ireland, but had lived in Canada ten years where she was 
engaged in housewor Though she had never been robust, there was nothing in 
either the personal or the family history which suggested tuberculosis. She had 
acute articular rheumatism at 9 years of age, which, owing to the pain and swell 
ing in both ankles, incapacitated her for six weeks. The use of alcohol or other 


| there was no history of lues On Oct. 17, 1905, she had 


drug was denis l, ind 
had a full-term child with instrumental delivery and without special hemorrhage. 
In November, 1906, the patient had an attack of “muscular rheumatism” which 
lasted for six months and which confined her to bed for some weeks on account 
of aching pains in the muscles of the right arm and shoulder and the right leg; 
the pain was worse at night and on movement. The muscles were very tender 
but there was no swelling or redness 

Present Illness rhis began in April, 1907, when the patient was again forced 
to go to bed on account of weakness, chilly sensations and night sweats. Vomit 
ing preceded by slight epigastric pain occurred each morning after breakfast. 


Constipation was persistent There was no hematemesis. Chills followed by 


sweating became frequent, occurring day or night and varying in duration from a 


From the Clinical and Pathological Laboratories of the Montreal General 
Hospital 
1. We wish to thank Dr. F. G. Finley, who kindly afforded us the opportunity 


of studving the case 
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few minutes to two hours. In July, 1907, the patient first noticed enlargement of 
the glands in the right side of the neck and subsequently in the right axilla and 
the left side of the neck. The glands were very tender, at times painful, but never 
broke down. There was no cough or expectoration, but cardiac palpitation 
occurred on exertion. Dysmenorrh 





a was present from July, 1907. The appetite 
steadily failed and the patient grew gradually weaker. She had lost 35 pounds 
in weight in twelve months. She had become very nervous and irritable and had 
been unable to work since the onset of her illness. 








Physical Examination (October 20, 1907).—The patient was found to be well 
developed but poorly nourished. The face and mucous membranes were pale and 
the skin moist rhe bones and joints were normal. The thorax was well formed 
except for slight flattening in the right infraclavicular region. The lungs were 
resonant throughout, and the breath sounds were vesicular rhe circulatory sys 
tem was negative. The tongue was pale but clean The abdomen was flat and 
soft The liver was not enlarged Che firm edge of the spleen was just felt at the 
costal border. The urine was straw-colored, acid, sp. gr. 1017, and contained 
neither albumin nor sugar; microscopically it showed epithelial débris and a few 
pus cells. The temperature ranged between 99.2 and 101.4 F. and the pulse 
between 88 and 108 

Glandular System: All the superficial glands were enlarged, firm, discrete, 
freely movable, not adherent to the skin, and slightly tender he posterior and 
anterior cervical glands on both sides were markedly enlarged, varying from th« 
size of a small bean to that of a hazelnut rhe right posterior auricular glands 
were about the size of a pea, while the supraclavicular glands on both sides were 
about the size of a bean. In the right axilla the glands were the size of marbles 
ind formed a regular chain along the border of the pectoral muscles; in the left 
ixilla onlv one or two glands were to be felt The right inguinal glan is were 
moderately enlarged [The left epitrochlear gland was also palpabk Phe mec 


istinal glands were enlarged, as shown by dulness over the manubrium and upper 


portion of the sternum, extending laterally 6.5 em. to the right and 3.5 cm. to 


the left of the midsternal line, and downward from the episternal notch to merge 


with the cardiac dulness below rhe retroperitoneal glands were not palpable 

( se of Disease On October 21 the blood examination revealed a moderats 
secondary anemia with slight leucocytosis, and a tentative diagnosis of Hodgkin's 
disease was made 

On October 23 two glands were removed from the neck for microscopic exami 
nation On three other oceasions during the yurse of the succeeeding ten months 
glands were removed for histological study The sections showed the histopat 
ological picture described | Dr. Dorot} R 

Repeated blood examinations were n e Ww will 1 scussed subsequent] 
suffice it to sav 1 t ere was " sa slight s ndarv anemia w in SF 
is the diseas« dvance There was also a slight but efinite le icocytosis Lhe 
Widal test and blood cultures proved negative [he eve-grounds were norn 
After a short period of apyrexia during the second week alter admission, there 


developed an irregular, intermittent fever ranging between 98 in the morning and 
102 F. in the afternoon. Fairly profuse sweats occurred daily. Chilly sensations 
were occasionally complained of, bu here were no actual rigors 


By January. 1908. the glands on the right side of the neck had increased to 


about the size of a hen’s egg rhe dulness over the manubrium and the splenic 
enlargement persisted. The color was strikingly pale and out of all proportion 
to the hemoglobin defect. This, with the general glandular enlargement, pre 
sented an unusual picture. On March 2 the Calmette reaction was negative On 


March 4 the spleen was noted to be larger, reaching three fingers’ breadth below 


the costal border: the edge was very firm and the surface felt irregular 
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On May 7 the patient was noted to be gradually failing; the color had become 
more and more waxy, suggesting the white type of pernicious anemia. The gums 
and mucous membranes appeared almost bloodless and the tongue the color of 
pork. The tonsils were slightly enlarged. There was brownish desquamation 
over the trunk (arsenical) but no special pigmentation of the axilla or mouth. A 
general pruritus was very troublesome. All the superficial glands had diminished 
until the cervical glands were about the size of cherries, the axillary about the 
size of marbles and the epitrochlear of split peas; the inguinal varied from the 
size of a pea to that of a filbert. The dulness over the manubrium was not so 
extensive. There were no retroperitoneal glands palpable. The abdomen was 
strikingly full as compared with the patient’s emaciation, owing to the presence 
of ascites. The liver was not enlarged but the spleen reached to the level of the 


rABLE OF BLOOD EXAMINATIONS 
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cell. 
umbilicus in the midclavicular line; the edge was thin, sharp and notched and 
two irregularities were felt on the surface. There was slight tenderness on per- 
cussion over the tibia and femora. 

On August 2 the patient’s condition was noted to be grave. There was profuse 
diarrhea. Emaciation was extreme and the pallor striking. The temperature had 
become subnormal. There had been a further diminution in the size of the glands; 
none were larger than an almond and there was no longer dulness over the 
manubrium. The spleen could no longer be felt. The patient gradually sank and 
died on the morning of August 5. 

Treatment.—After admission various tonic and supporting methods of treat- 
ment were tried [including, owing to the possibility of syphilis being the etiolog- 
ical factor, a prolonged course of potassium iodid in doses up to 30 grains three 
times a day], all without effect on the course of the disease; subsequently iron and 
arsenic were given without apparent benefit. 
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The Blood.—Blood examinations were made at intervals of one month. The 
hemoglobin percentage, which was estimated by Sahli’s instrument, was consider- 
ably below normal, and always lower than the percentage of red cells. The latter 
showed a slight but definite diminution until shortly before death, when a marked 
anemia existed. The color index at first was very low, but as the anemia pro- 
gressed it rose until it reached 0.9; the anemia was therefore of a progressive 
secondary type. The usual stigmata of a severe anemia were absent for the first 
four months, after which a few normoblasts appeared. During the last two 
months of life macrocytes, microcytes, poikilocytes, polychromatophils and a 
considerable number of normoblasts were observed, with an occasional inter 
mediate type of erythroblast, but megaloblasts were never noted. There was, 
therefore, a considerable derangement of the erythropoietic mechanism. 

A slight leucocytosis was present. This at first was due to an increase of the 
non-granular mononuclear cells, but later to an increase in the polymorpho 
nuclear neutrophils.*. Three types of the non-granular mononuclears were pres 
ent, namely: 


1. Small lymphocytes, i. e., the typical small non-granular cell about the size 
of a red blood cell with deeply staining basophilic nucleus and narrow rim of 
deeply staining protoplasm; these cells were for months markedly diminished in 
number, and it was only towards the end of the disease that they reached normal 
limits. 

2. Large lymphocytes of Ehrlich, i. e., cells in every way resembling the 
former except in their size, which varied from a little less to a little greater than 
the polymorphonuclear cell; they were always present and at first formed 6.0 
per cent. of the total white count. These cells are considered by Ehrlich to be 
present in small numbers normally and are to be differentiated from the myelo- 
blasts (Naegeli) or unripe cell (Grawitz) present only in pathological blood. 
They were, however, in this case, at least in the beginning, above the normal 
limits. 

3. Large mononuclear and transitional cells; the former were voluminous 
cells with a diameter two or three times that of a red cell with a round, feebly 
staining nucleus and a relatively large amount of non-granular, weakly basophilic 
protoplasm. The transitional cells were similar except for a kidney-shaped or 
indented nucleus and the presence of a few neutrophilic granules. These two 
types, which were grouped together, were at the first examination markedly in 
creased in number, but gradually diminished during the subsequent four months 
until they reached the normal limits. 

Myelocytes of the neutrophilic variety were on several occasions found in 
small numbers and presented the usual characteristics. No eosinophilic myelo- 
eytes were found. The polymorphonuclear neutrophils, which on first count were 
relatively diminished, later became relatively and absolutely increased, and 
finally, before death, relatively and absolutely diminished. The polymorphonuclear 
eosinophils, in spite of their enormous increase in the glands, were not increased 
in number in the blood. Mast-cells or the polymorphonuclear basophils were 
normal or absent. On one occasion a single “Turk giant cell” was found, i. e 
a very large mononuclear cell with a round eccentric nucleus and a deeply stain 
ing reticular protoplasm. 

Hence there was present in the course of the disease a moderate leucocytosis 
due at first to a lymphocytosis of the large-celled variety as was first noted in 
this condition by Ehrlich and Pinkus. Subsequently a slight polymorphonuclear 
leucocytosis was present, as is usual in this group of cases. Before death this 

2. The stain usually employed was Wright’s modification of the Romanowski, 
but on several occasions Ehrlich’s triacid stain was used in confirmation. 
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latter leucocytosis was replaced by a normal leucocyte count with a moderate 
small-celled lymphocytosis 

iutopsy.—This was performed on Aug. 5, 1908, eight hours after death and 
thirteen months after the onset of the glandular enlargement. 

The body was that of a fairly well-developed but markedly emaciated white 
woman. The mucous membranes were very pale and there was slight edema about 
the ankles and the right hand. No rigor mortis was present. The lymph glands 
were distinctly palpable in the neck, axille and groins. 

The brain, cord and meninges appeared normal. The bone marrow removed 
from the middle of the femur was of the red variety, quite firm, and heavily 


flecked with fatty tissue 


The pleure were normal The lungs were voluminous and crepitant, with 
slight emphysema at both apices; nowhere was there congestion or edema. The 
mediastinal and bronchial lymph glands were greatly enlarged, averaging 2 by | 
en n diameter On section they were of a uniformly reddish pink color except 
where they were deeply stained by carbon pigment Nowhere was there gross evi 
lence of tubers ulosis 


The pericardium was normal and the heart, though small and flabby, showed 
no gross lesion 
he peritoneal cavity contained 2.5 liters of slightly turbid fluid rhe parietal 
visceral peritoneum was smooth and glistening, and free from adhesions. The 


mesenteric lymph nodes were slightly increased in size, while the retroperitoneal 


nodes were markedly enlarged and quite firm The largest glands were found 
ibout the lesser eurvature of the stomach No hemolymph glands were dis 
rn 
he gastro-intestinal tract was normal except for the lymphoid structures, 
vhi re swollen and pigmented 
The liver weighed 1020 grams; it was pale and flabby On section the organ 
presented the normal gross appearances The ducts and gall-bladder were normal 


The spleen weighed 335 grams; it was very firm and irregularly nodular 
The nodules ranged from the size of a pea to that of a small marble. On section 


} 


some of the nodules appeared firm and dark red in color, while others were puré 


white and sharplv defined The Malpighian bodies were obscured No splenic 
pulp came away on scraping 

Phe dneys weighed 300 grams; their capsules stripped readily. On section 
the normal markings were poorly defined. The Malpighian tufts were not visible 


The pancreas, adrenals and genito-urinary organs were normal 


inatomical Dia : Hodgkin’s disease general glandular enlargement 
1cute and chronic splenitis; anasarca; fatty degeneration of the heart; chronic 


interstitial nephritis: Ivmphoid metaplasia of femoral marrow 


HISTOLOGY 


For histological study the tissues were fixed in Zenker’s fluid, alcohol, and 
formalin, and embedded in paraffin. Eosin-methylene-blue, hematoxylin and eosin, 
ind Mallorvy’s connective tissue stains were employed in the routine staining of 


the following histological de scriptions the organs will be considered sepa 





Lune Normal except for a slight peribronchial pigmentation. 
Heart.—There is an absence of the epicardial layer of fat. The muscle 
fibers show in areas a preference for the ecsin stain. The striations are poorly 


defined and often lost, while the fibers are swollen, granular, and contain fat 
vacuoles as shown by the Scharlach-R stain in formalin-fixed sections. This fatty 
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degeneration is rather diffuse. There is also an occasional patch of fibrosis 
replacing wholly, or in part, the muscle fibers. 

Kidneys.—The cortex shows a few isolated areas of dense, fibrous connective 
tissue in which the renal tubules are almost completely absent. Here and there 
in the medulla the epithelium of the convoluted tubules is swollen and finely 
granular. 

Uterus and Ovaries.—There is a moderate degree of intimal and medial thick 
ening of the vessels. 

Pancreas.—This shows an increase of the interlobular connective tissue The 
smaller vessels are injected and there is a moderate grade of perivascular lympho 
eytie infiltration. 


Liver.—The vessels are moderately injected. The caudal cells are almost uni 
formly cloudy and many of them contain pigment. An occasional vessel shows a 
perivascular infiltration of mononuclear leucocytes and a few eosinophils; no 


large mononuclear or multinuclear cells are present 


Small Intestine The mucosa is covered with an extensive membrane which in 
places shows beginning organization. The submucosa is uniformly thickened by 
edematous connective tissue The mucosa is completely lost in places and pre 


sents the picture of a healed ulcer. Some of the lymphatics are dilated and filled 
with cells, chiefly of the mononuclear variety In the interstices of the sub 
mucosa, especially where the edema is most marked, are numerous polymorpho 
nuclear neutrophils. Both muscular coats and the serosa are normal. The lymph 
follicles are negative 

Splee Phere is slight congestion. The Malpighian bodies are few and poorly 
defined; some are riddled with intercommunicating bands of newly-formed con 


nective tissue. Infiltrating these connective tissue bands, and, generally speaking 


confined to these areas, are fairly numerous eosinophils averaging about 17 cells 
to a miscroscopie field (ocular 4, objective 1/12 Other Malpighian bodies show 
areas of large cells which stain more lightly than the lymphoid cells and contain 
a considerable amount of altered blood pigment No giant cells are seen in the 
sections. The fibrous tissue is usually increased about the periphery of the gland 
gradually replac ing the Malpig! ian bodies until there are but a few cells immedi 
ately surrounding the central vessels Other Malpighian bodies are completely 
obliterated by the fibrous tissue encapsulation, though the central vessels remain 
apparently unaffected 

The pulp is riddled with fibrous tissue The blood-spaces, in the main, ar 
narrowed into mere slits or are completely obliterated by cicatricial tissue. There 
is apparent a compensatory enlargement of the surviving blood-channels The 
plasma cells are greatly diminished in number Neither mast-cells nor mvelocytes 


are found. Only after a long search is a collection of normoblasts found in con 
junction with a few eosinophils and plasma cells; elsewhere normoblasts are 
found singly or in pairs. Some sections show old, anemic infarcts, surrounded b 


a broad zone of hemorrhage. 

Bone Marrow.—The bone marrow from the femur presents the red marrow or 
lymphoid type; the fatty portion is for the most part replaced by cellular tissus 
The vessels are distended with blood. There are the usual foci of erythroblasts 
entirely of the normoblastic type. Neutrophilic myelocytes are present in the 
normal proportion. The eosinophilic type of myelocyte is perhaps unusually pre 


ponderant. The large lymphocytes or premyelocytes are also quite numerous 
Chere are many polymorphonuclear neutrophils and eosinophils. One or two giant 
marrow cells are found but no mast-cells. Two or three foci of lymphocytes are 
seen in which there are a few uninuclear and binuclear giant cells, without evi- 


lence of nuclear division. 
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Lymphatic Glands.—Six glands were removed from either the axilla or neck 
on four different occasions during the course of the disease—four, five, nine and 
ten months after the glandular enlargement was first noticed by the patient. The 
progress of the disease process, as shown by the histological picture, did not 
always correspond with the time of the removal of the gland, as some of the 
glands first examined were in a more advanced stage than were those subsequently 
removed. At the autopsy glands were procured from the cervical, axillary, medi- 
astinal, peribronchial and retroperitoneal regions. Sections from thirteen of the 
glands removed at the post-mortem, together with the six removed during the 
course of the disease supplied the material for study. 

The glands were irregularly oval in shape and were easily dissected away from 
one another and from the surrounding tissues. In consistency they were firm and 
elastic, and varied in size from 4 em. to 0.5 em. in diameter. No very large glands 
were found, though on the whole those removed during life were larger than those 
found at autopsy. At no time was there evidence of softening or fluctuation. On 
section they were of a uniformly gray or reddish pink color, semitranslucent and 
often distinctly lobulated; the cut surface was granular but did not exude blood 
or other cellular material. There were no gross evidences of tuberculosis, such as 
caseation or calcification. 

There are two very striking points in the microscopical picture, viz.: (1) 
The invasion and subsequent obliteration of the normal gland structure by con- 
nective tissue and (2) the presence of abnormal cells. 

The condition of the gland capsule varies greatly; in some sections it is very 
distinct and uniformly thickened to many times the normal; in others there is no 
definite capsule but a dense, irregular mass of fibrous tissue which is apparently 
the result of both a periglandular and an intraglandular increase. As a rule, the 
capsule remains well defined in the early period of the disease; in the later stages, 
however, it invades the gland tissue. In most glands the trabecule are more 
numerous, larger and thicker than normal; in the last stages of the process they 
present evidence of advanced, hyaline degeneration. 

The normal structure of the gland is either markedly altered or entirely lost, 
depending on the stage of the disease. The outer lymph channel is partially or 
completely obliterated by fibrous connective tissue. The internal lymph channels 
are either blocked by abnormal! cells or narrowed by the new growth of connective 
tissue. Late in the course of the disease surviving lymph channels are often found 
enormously dilated and the germinal centers are with difficulty recognized; though 
possibly the latter are the last to be invaded by the fibrous tissue, they are often 
so altered as to be readily overlooked. In none of the glands is there either evi 
dence of active proliferation in the germinal centers or increase in the lymph 
adenomatous tissue proper, as noted in the glands during the earliest stages of 
the disease by Reed and Longcope. No doubt this early stage had been succeeded 
by another which, though the earliest stage observed in our case, was not the first 
development of the disease process. The enlargement of the glands is primarils 
due to the presence of abnormal cells. Furthermore, in no stage of the disease is 
there any evidence of the gland parenchyma infiltrating beyond the capsule as is 
the rule in lymphosarcoma. The new tissue consists of (1) proliferated endo 
thelial cells, (2) mononuclear and multinuclear giant cells, (3) eosinophils, and 
(4) fibrous connective tissue. These will be discussed in detail. 

1. Large Endothelial Cells (the epithelioid cells of Reed): These are large 
cells several times the diameter of the lymphocytes, and more suggestive of the 
pale staining cells with vesicular nuclei which occur in the center of the germinal 
nodules of lymph-glands and the Malpighian bodies of the spleen in certain acute 
mfectious diseases. They have an ovoid or vesicular nucleus with a distinct 
nucleolus and an abundant non-granular, lightly staining protoplasm; they lie in 
the main in the lymph channels and often form a mosaic. As a rule they are 
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more numerous in the fields where there is little or no increase in the connective 
tissue. It would seem that these cells take their origin from the endothelium of 
the lymph channels and spaces. In one section many of the lymphatics are 
occluded by the endothelial cells, while in another section a typical mononuclear 
cell is found still attached to the wall of the vessel (Fig. 2), and in yet another 
field a large mononuclear cell is fixed in the act of passing through the wall of the 
vessel, 

2. Mononuclear and Multinuclear Giant Cells: All stages in development 
from the large mononuclear cells to still larger mononuclear and multinuclear 
giant cells can be traced. The cell protoplasm is irregular in outline, non-granu 
lar and pale staining. The multinuclear cells contain several nuclei varying from 
three to eight in number. These nuclei are heaped together centrally or peripher 
ally but never with the discrete and regular peripheral arrangement so character 
istic of the giant cell in tuberculosis. The nuclei stain deeply, are rich in 
chromatin, and contain one or several well-defined, deeply staining nucleoli. Many 
of these giant cells show karyokinetic figures. It is evident that these cells become 
multinucleated by a process of amitosis. In one section they occur free in the 
lumen of the blood-vessels. In the glands of the more advanced stages many of 
the giant cells have apparently reached their maximum development and show evi 
dence of protoplasmic degeneration and fragmentation of the nuclei. Their occur 
rence not only in the lymph channels but everywhere throughout the gland paren 
chyma, their nuclear structure and their staining reactions, suggest an endothelial 
origin. No “islands of syncytium” as described by Weishaupt and Longcope are 
found. 

3. Eosinophils: In nearly all the glands in the early stages of the disease the 
eosinophils are very numerous. In some parts of a section, under low magnifica 
tion, they give the impression of an entirely red field. They are almost always to 
be found in relation with the new fibrous connective tissue and form a “rear 
guard,” as it were, to the latter. They become less numerous as fibrosis becomes 
more complete. Occasionally they are present in groups independently of any spe 
cial fibrous tissue growth. They are all polymorphonuclear cells of the type found 
in the circulating blood; none are seen resembling in size or morphology the 
myelocytic eosinophil (Fig. 4). 

4. Fibrous Connective Tissue: Even in the earliest stage studied by us there 
is an increase in the fibrous connective tissue. This seems to have its origin in 
the gland capsule and its trabeculae. In some glands the primary increase in the 
connective tissue is about the outer lymph sinus from which the subsequent 
invasion of the gland parenchyma has its origin. It gradually invades the par 
enchyma, pushing it aside and replacing it until only islands of lymphadeno- 
matous tissue remain. Finally these islands become barely discernible. All stages 
in the development of connective tissue, from the youngest fibroblasts to dense con- 
nective tissue, are well shown by Mallory’s connective tissue stain. This differ- 
ential stain also furnishes proof that the fibrosis begins at the periphery and 
gradually works inward, and that the germinal centers are the last to be sclerosed. 
The connective tissue is in places quite cellular but almost always free from a 
lymphoid and plasma cell infiltration. Sometimes there are seen newly formed 
vessels within the young connective tissue. 

Plasma Cells: These are only occasionally present in an appreciable number, 
and as a rule are absent. Only in one gland from the early stage of the disease 
are they markedly increased. Many of them contain mitotic figures. 

Polymorphonuclear Leucocytes: These are in the majority of glands singu 
larly scarce, though in ene gland removed early in the disease they exist in con 
siderable numbers and occur in definite foci . 
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Phagocytic Cells: In some connective tissue areas of certain glands there are 
moderate numbers of endothelial cells which are phagocytic for blood pigment. 

Blood-vessels: In the early stages of the disease the larger vessels of the 
glands show edema of the walls. In the later stages many of the arteries and an 
occasional vein are greatly distorted and contain focal lesions in the intima and 
media; one large vessel shows calcareous deposits in the media and to a less extent 
in the intima. The intimal lesion is invariably of a focal, proliferative character. 
There is partial and sometimes complete obliteration of many of the larger vessels 
in the more advanced stages of the disease. In one or two glands there is evi 
dence of recent hemorrhages into the gland substance. Occasionally there occurs a 
perivascular infiltration of lymphoid and plasma cells in which are numerous cells 
containing blood pigment 

Nowhere are there concentric foci of epithelioid cells, giant cells of the Lang 
hans type, necrosis or other evidence of tuberculosis. In one section there is found 
embedded in the connective tissue of the periphery of the gland a large multi 
nuclear giant cell which more closely resembles a “foreign-body giant cell” than 
the usual typical multinuclear cell above described; it is surrounded by a ci 
eumscribed area of lymphocytes but without epithelioid cells or evidences of 
necrosis. 

ro generalize, then, the disease process as seen by us can be divided into four 
stages, some of which.are illustrated at times in the same gland, but more often 
in different glands lhe earlier stages are best seen in the glands removed during 
life, but occasionally a gland is found at autopsy which shows the early stage of 
the process. The earliest stage described by Reed and Longcope, namely, the 
hyperplasia of the lymphadenomatous tissue, is not seen in our case 

First Stage Here the striking feature is the great number of large mono 
nuclear cells and their development into the larger mononuclear giant cells 
which often form collections in the gland parenchyma, presenting ' 
picture not unlike the Graafian follicles in the cortex of the fetal ovary In 
addition, one sees great numbers of eosinophilic cells and some fibrous connective 
tissue invasion, though the normal structure of the gland is at this stage well 
preserved. In this period plasma cells are also numerous and are still actively 
increasing, as evidenced by mitotic figures. The increase in the size of the glands 
was undoubtedly due to these cells and not to the essential lymphadenoid tissue 
(See Figs. 1 and 2.) 

Second Stage.—This is characterized by fewer mononuclear cells and greater 
numbers of their derivative multinuclear giant cells which are especially evident 
in the germinal centers. Their nuclei present every evidence of active division 
Eosinophils are also very numerous. New fibrous tissue is now beginning to 
invade the parenchyma. The disease process would appear to reach the height of 
development in this stage (Fig. 3). From now on the glands gradually diminish 
in size pari passu with the contraction of the fibrous tissue. 

Third Stage In this stage one sees fewer multinuclear cells, except, however, 
in the germinal centers. As a rule these cells have reached full development as 
shown by the total absence of nuclear figures. There is more fibrosis and conse 
quently less gland structure. The lymphadenoid tissue is the first to yield to the 
connective tissue invasion; the lymphoid cells have lost their normal staining 
reaction, the nuclei are fragmented, and the abnormal cells are rapidly disappear 
ing. The eosinophils are distinctly fewer and in some sections difficult to find 
Che vessels, too, show a more advanced degree of obliterative endarteritis (Fig. 5). 

Fourth Stage—Finally there is almost complete replacement of the gland 
parenchyma by fibrous connective tissue. The mononuclear and multinuclear giant 
cells have almost completely disappeared. Some glands show little islets of par 
enchyma with a more or less normal lymphadenomatous structure and a few 
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multinuclear or even mononuclear giant cells and eosinophils. These islets, we 
believe, are the original germinal centers of the gland, which, though the first to 
show the presence of the characteristic endothelioid and giant cells, are the last 
structures to undergo fibrosis. The eosinophils are totally absent in the scar 
tissue proper, but persist in the small areas of gland tissue which have recently 
undergone fibrosis. The fibrous tissue is, as a rule, denser, more contracted and 
less cellular than in the previous stage here is often an enormous dilatation of 
the surviving lymph channels. The trabeculae sometimes show an advanced stage 
of hyaline degeneration Further, in glands where fibrosis is very marked, ther: 


are zones of fibrous tissue showing distinct degeneration (Fig. 6 


BACTERIOLOGY 


Material planted on modified Dorset egg medium and blood-agar slants fron 
the glands during life and at autopsy proved negative Portions of several glands 
were emulsified and injected subcutaneously and intraperitoneally into guinea 
pigs, but without the development of tuberculous lesions Lastly, sections from 


glands both in the early and late stages of the disease were stained for bacteri 


notably for tubercle bacilli, but witl 


10ut resul 


DIAGNOSIS 


rhe various possibilities suggested by the foregoing case were lymphatic 
cemia, pseudoleucemia (Cohnheim), lymphosarcoma, Hodgkin’s disease, tu 
culosis and syphilis. 

Lymphatic Leucemia.—Clinically our case in many ways suggested this 


dition; the insidious onset, the pallor and secondary anemia and the generalized 


lymphatic enlargement. Opposed to this diagnosis were the absence of a mar 


leucocytosis and especially the absence of the typical leucemic blood formu 
Furthermore, the histology of the glands removed during life and ths mplet 
post-mortem examination presented a picture quite distinct from purs my 


adenoid hyperplasia. 





Pseudoleucemia (Coh —Under this term we would include on those 
eases which resemble typical lymphatic leucemia in every respect except for t 
absence of a leucocytosis This term should be confined to those cases which 
followed from early in their course to autopsy; for it is now well recognized that 


ly mphatic as well as myelogenous leucemia may have subleucemic or even aleu 


cemic periods when t 


1e number of leucocytes is within the limits of normal, though 


the blood formula may still be a pathological one. Now, as a case of true pseudo 
tht leucocytosis with a relative or even absolute 


leucemia may exhibit a sli 
lymphocytosis, the close relation, if not the identity, of lymphatic leucemia and 
pseudoleucemia is very evident: indeed in both there is the same lymphadenoid 
hyperplasia, but in the former there is an absence of marked leucocytosis throug] 
out the disease. There were many points clinically in our case suggesting 
the diagnosis of pseudoleucemia, which was excluded by the histological examina 
tion of the first gland removed 

y by the absence of regional dis 


Lun phosarc ma.—This was excluded clinical], 
tribution so much emphasized by Kundrat, and by the discreteness of the glands 


anatomically the process affected only the lymphadenoid tissue; not t} 
surfaces, periosteum or muscles The histological picture of the fir 
removed suggested to one of us the possibility of a lymphosarcomatous 
however, further study of the glands failed to reveal any invasion of the 


capsule or other evidence of an aggressive character so diagnostic of this con 








dition. The presence of large numbers of eosinophils and the peculiar type of 


giant cell, together with the fibrosis, were further points against Ivmphosarcon 
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Hodgkin's Disease.—Clinically, and subsequently pathologically, this was the 
diagnosis made. However one may object to the term “Hodgkin’s disease” on 
account of the variety of different pathological conditions originally included 
under it, we believe that the picture described by Fischer, Reed, Longcope and 
MacCallum® forms a distinct clinical and histological entity, and that to it 
belongs our case. The clinical picture of the case reported was not quite usual 
on account of the diffuseness and uniformity of the glandular enlargement upon 
the patient’s admission to the hospital. Furthermore, not even at the height of 
the glandular enlargement were there those huge masses in the neck or axille so 
frequently seen in the disease. Lastly, the retrogression in the size of the glands 
and spleen some weeks before death was peculiar. The slight lymphocytosis was 
quite in accordance with Pinkus’ observations; the polymorphonuclear leucocy- 
tosis which subsequently developed is the more usual phenomenon, according to 
Schur. The points in this histological study were (1) a proliferation of large 
endothelioid cells, (2) the presence of mononuclear and multinuclear giant cells 
of a peculiar type, (3) the presence of enormous numbers of eosinophils, (4) an 
early invasion and an ultimate replacement of the gland parenchyma by fibrous 
connective tissue, (5) the absence of necrosis, caseation, Langhans’ giant cells and 


tubercle bacilli. 

We believe, then, that the above-enumerated histological features 
form a distinctive picture and one which must receive general recog- 
nition, call it by whatever name one will. The original objections of 
Sternberg, Crowder and Schur, who, from the presence of undoubted 
evidences of tuberculosis in a certain number of their cases, concluded 
that the whole histological picture was due to the tubercle bacillus, is no 
longer tenable. For if tuberculosis may be a complication (i. e., sec- 
ondary infection) or an associated condition in both lymphatic leucemia 
and pseudoleucemia, why not, too, in Hodgkin’s disease? Further, in 
Fischer’s series of twelve cases, inoculation experiments were negative in 
all. In Reed’s* series of 8 cases, only one was found with an associated 
tuberculosis, and that one of a terminal acute miliary type. None of 
Longscope’s® 8 cases proved tuberculous. Though Simmons® found 
tubercles in the viscera of 3 of his 9 patients, in 5 of the 6 other cases 
inoculation experiments proved negative. Hirschfeld’s’ 5 cases were 
negative histologically and also after injection into guinea-pigs. We agree, 
therefore, with Longcope, who writes that “when tuberculosis occurs in 
connection with Hodgkin’s disease it can only be regarded as a secondary 
infection.” Sternberg’s* more recent modification of his original views 
which assigned the chief réle to the toxins of the tubercle bacillus, admits 
3. MacCallum: Johns Hopkins Hosp. Bull., 1907, xviii. 

4. Reed: Johns Hopkins Hosp. Rep., 1902, x, 133. 
5. Longeope: Bull. Ayer Clinical Lab. No. 1, 1903, p. 4. 
6. Simmons: Jour. Med. Research, 1903, ix, 378. 


7. Hirschfeld: Abstr. in Folia haematol, 1909, vii, 151. 
8. Sternberg: Ergebn. d. Path., 1905, vii, 502. 
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Fig Stage Endothelioid and mononuclear giant 
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Fig. 3.—Stage Il Multinuclear giant cells in a germinal nodule. 





Fig. 4.—Stages I and IJ; Eosinophils, recognizable by large coarse granulations. 
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Fig. 5.—Stage I1l Marked increase in fibrous connective tissue with sur 
viving islets of lymphadenomatous tissue 
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Fig. 6.—Stage 1\ Scar tissue or fibrous connective tissue, poor in cells; few 
lvmphoeytes and one or two giant cells surviving 
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obscure as that of leucemia and pseudoleucemia We agree, however, 


that the disease, both clinically and pathologically, is a peculiar chroni 


inflamm itory process, us shHown bY the lever, sweats, moderate leucoc Vto- 
lary anemia, emaciation, the presence of endothelioid prrolifer- 


SIS. Ssecom 


the blood-vessels and the 


ation and numerous eosinophils, the changes i 
gradual fibrosis. This we believe to be best emphasized by the term 
“oranuloma.” But to differentiate this condition from the usual infec 
tious granulomata as syphilis, tuberculosis, actinomycosis, ete., we would 


suggest the addition of some modify Ing ad jee tive, as “cryptogenetu um.” 


The term “granvloma malignum” of Benda and Hirschfeld we object to 


on account of the implied qualities of malignancy and tumor formation 


CONCLUSIONS 


1. The belief of Fischer, Reed and Longcope in a clinical and patho 
logical entity of the disease deseribed by them is justified. 
2. The process resembles a chronic inflammatory condition distinct 


from tubers ulosis or -\ plilis, 


3. That it would be wiser to exclude from the medical terminology of 
the future the name Hodekin’s disease. as only serving to confuse and to 
create nk ecdless controversy, 

t. That of all the proposed names for the process the most suitable 
one would seem to be “granuloma eryptogeneticum.” 

Pathological Department, Tulane University, New Orleans—56 Mackay Street 
Montreal 








VARIOUS FORMS OF EXPERIMENTAL ARTERIAL DISEASE 
IN THE RABBIT * 


MINER C. HILL, M.D 


NEW YORK 


Despite the fact that the experimental lesions in the rabbit's aorta 
occurring after the administration of adrenalin and other substances 
cannot be considered analogous to arteriosclerosis as seen in man, and 
despite also a reasonable doubt as to whether these lesions are really 
caused by such experimentation or are spontaneous in character, their 
study is of considerable importance in connection with the general prob- 
lem of the degenerative and reparative processes in arteries. In the hope 
of adding somewhat to our knowledge of the subject, and also of clearing 
up, if possible, some of the doubtful points, I have studied during the 
past year the results of various forms of experimental injury. The meth- 
ods employed include the administration of adrenalin and direct injury 
by crushing the vessel or applying an irritant, such as silver nitrate. The 
suspension experiments of Klotz’ have been repeated and, following the 
suggestion of an editorial writer? in the Journal of the American Medi- 
cal Association, based on recent investigations of loco-weed disease, the 
prolonged administration of barium by the mouth has been carried on, 
with the hope of thus explaining the spontaneous lesions. In all these 
experiments an equal number of animals have been used as controls and a 
careful study has been made of all animals used in other experiments in 
order to obtain information concerning the spontaneous occurrence ol 
arterial disease. 

As the general status of experimental arterial disease, including an 
excellent summary of the literature, has recently been presented by Adler,* 
such will not here be considered. 


From the Pathological Laboratory New York University and Bellevue 
Hospital Medical College; aided by a grant from the Rockefeller Institute of 
Medical Research 

1. Klotz, O.: Arbeits-Arteriosclerose Experimentelle. Centralbl. f. allg. Path 
u. Anat., 1908, xix, 535 
2. Editorial Barium, a Cause of Loco-weed Disease. Jour. Am. Med. Assn., 


1908, li, 1338 
3. Adler, I Present Status of Experimental Arterial Disease. Am. Jour 
Med., Se., 1908, exxxvi, 241 
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The question of spontaneous lesions may naturally be considered 
first. The significance of spontaneous lesions in connection with those 
produced experimentally was first seriously raised by Miles,* who reported 
spontaneous lesions in nearly 35 per cent. of presumably normal animals 
and who suggested that the lesion assumed to be due to adrenalin might 
be truly spontaneous. This view has been opposed by Miller.® who sum 
marizes the several large series of observations on normal animals with 
out the discovery of spontaneous lesions, and by Pearce,® who found such 
lesions in but 6 per cent. of the animals examined. It is of interest, in 
view of the possible influence of local conditions, that Miles’ 35 per cent. 
represents western rabbits, while Pearcc’s 6 per cent. is based on New 
York and Massachusetts rabbits. Furthermore, it is of interest that, 
while Pearce found lesions in but 6 per cent. of normal animals, lesions 
occurred with greater frequency in animals which had been in the labora 
tory for long periods of time and had been used for inoculation and other 
general experimental work. This latter observation suggests that a 


variety of influences may operate to produce these lesions in the rabbit. 


SPONTANEOUS LESIONS 


The animals examined for spontaneous lesions were those used in thi 
class work of the departments of physiology and pharmacology, and for 
which I desire here to thank Professors Lusk and Wallace. These were 
presumably normal animals, used shortly after their arrival, in short- 
period experiments. In addition are included animals used in the depart 
ment of pathology in various experimental] studies. 

The series comprises 210 rabbits. ‘The aorta was examined from the 
aortic valve to the iliac bifureation, and the iliac, carotid and subclavian 
branches followed for some distance. Of these animals thirty-one, or 15 
per cent., exhibited arterial disease. In only one was the lesion as diffuse 
as in the adrenalin lesion, and in this animal only were lesions found 
below the diaphragm. This was a young rabbit, weighing 940 grams, in 
which the lesion appeared as a diffuse roughening of the thoracie and 
upper abdominal aorta. Four showed changes in the descending portion 
of the thoracic aorta and one a small pin-head-sized patch in the first part 
of the innominate artery; in all others the lesions were confined to the 
ascending and transverse portion of the arch of the aorta. The usual 


4. Miles, A. B.: Spontaneous Arterial Degeneration in Rabbits. Jour. Am 
Med. Assn., 1907, xlix, 1173. 
5. Miller, J. L.: Spontaneous Arterial Degeneration in Rabbits. Jour. Am 


Med. Assn., 1907, xlix, 1/89. 
6. Pearce, R. M.: Occurrence of Spontaneous Arterial Degeneration in the 
Rabbit. Jour. Am. Med. Assn., 1908, li, 1056. 
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The latter experiments included inoculation of sheep’s blood for the 
Wassermann test and various injections in connection with a study of 
experimental nephritis. Of the former, sixteen, or 13.5 per cent., and of 
the latter fifteen, or 18 per cent., showed lesions, a somewhat greate1 
incidence in animals kept for some time under laboratory conditions than 
n those use¢ mimediatel This difference is too s eht to be seriously 
considered, but is in keeping with Pearce’s previous observation concern 
ing the influence of experimental and laboratory conditions. 

Of the above rabbits, fiftv were bought in Chicage and are presumab 
representative of rabbits of the middle west; seventy-six purchased from 
one New York dealer and represent animals raised in New Jerse con- 
cerning the source of the remainder, no definite information could lx 
obtained. Of the fifty Chicago rabbits, six, or 12 per cent., presented 
spontaneous lesions; of the seventy-six eastern, eight, or 10.5 per cent 
As far as these sources of supply are conce rned, there is, therefore, littl 


difference in the occurrence of spontaneous lesions. 


These observations, however, in connection with 
h 


of other investigators, demonstrate conclusively 


lesions occur not That the age ol 
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doubtful. for five of the thirty-one animals in this series weighed less than 
900 grams, two weighing 440 and 410 grams, respectively. Of these, thu 
former presented the most extensive lesion found in the series. This is of 
interest in view of the fact that Pie and Bonnamour,’ as well as Pearce 
and Stanton. have called attention to the difficulty of producing adrena 
lin lesions in voung (small) rabbits. 

Histologica the spontaneous lesion cannot be distinguished fron 
that due to adrenal The most prominent features are changes In thr 
elastica and calcification. The elastic tissue loses its wavy appearance 
and the individual fibers become much thickened Later these become 
calcified. Not infrequently a hype rplasia of the intima Is seen—more 
frequently, indeed. than is the case in the adrenalin lesion. This ma 

7. Pie, A., and Bonnamour, S Contribution A l'étude du déterminisme de 
Vathérome aortique expérimental. Compt. rend. Soc. de biol., 1905, Ivili, 219 

8. Pearce, R. M., and Stanton, E. M Experimental Arteriosclerosis Jour 
Exper. Med., 1906, viii, 74 








eS eC See 


tint 


—_ 





oe 


VINER C. HILL 25 


possibly be due to the greater age of the spontaneous lesion. Lesions of 
the type described by Ophiils® have not been found. 

In conection with the study of these spontaneous lesions I have inves 
tigated the effect of barium administered by the mouth, thus adopting the 
suggestion of the editorial writer in the Journal of the American Medi- 
cal Association, previously mentioned.2. This writer calls attention to 
Crawford’s study of the barium content of certain plants and the explana 
tion of “loco-weed disease” as a poisoning by barium. He then makes the 
suggestive observation, in view of the well-known effect of barium on the 
vascular system, that possibly the greater frequency of spontaneous arte- 
rial degeneration observed by Miles (35 per cent.), as contrasted with 
Pearce’s 6 per cent. (New York), might be due to the forage plants of 
Colorado containing minute quantities of mineral poisons and, among 
others, possibly barium. As this theory appeared very plausible, espe- 
cially so in view of Miller’s experiments with barium, I have attempted to 
produce a chronic barium intoxication by giving rabbits small doses of 
the chlorid with their food. Four rabbits received barium chlorid by 
stomach-tube, daily, immediately after their feeding period. Three ani 
mals died after varying periods, but one received a total of eighty-six 
doses of half a milligram each during a period of fourteen weeks (Febru- 
ary 1 to May 7) without the development of arterial lesions. Though 
small in number for definite conclusions, such experiments indicate that 
barium intoxication probably does not explain the spontaneous lesions. 

The production of arterial lesions by single injections of adrenalin 
has been rendered very doubtful by the recent observations concerning 
the frequency of spontaneous lesions. Pearce and Baldauf,® in 1906, 
reported such lesions in each of a series of six rabbits receiving one-half 
to one and a half minims of adrenalin. Unfortunately no control experi- 
ments were made. At Dr. Pearce’s suggestion I have repeated these 
experiments. ‘Two animals received, each, in divided doses, four minims 
of a 1 to 1,000 solution of adrenalin, and two were set aside as controls. 
One of the former died after ten, and one after forty-one days. No 
lesions were evident in either; the controls also showed no lesions. It is 
evident that the previous positive results described by Pearce and Baldauf 
are in all probability to be explained by the occurrence of spontaneous 





9. Ophiils, W.: Spontaneous Arteriosclerosis of the Aorta Atheroma) in a 
Rabbit. Jour. Am. Med. Assn., 1907, xlviii, 326. 

10. Pearee, R. M., and Baldauf, L. K.: A Note on the Production of Vascular 
Lesions in the Rabbit by Single Injections of Adrenalin. Am. Jour. Med. Se., 


1906, exxxii, 737. 
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lesions. Meyers,’' working with a large number of animals, has reached a 
similar conclusion. 

In other respects, unlooked-for results have been obtained with the 
use of adrenalin. Thus, in one group of four animals varying in weight 
from 1,500 to 2,000 grams and receiving, each, twenty-nine injections, 
over periods of fifty-two to one hundred and four days, the characteristic 
diffuse lesions of the experimental disease were found in only one. In an 
equal number of controls no lesions were found. As the total amount of 
adrenalin administered to these animals varied from 167 to 174 minims, 
one must agree with other investigators that constant results do not 
always follow the administration of this substance. During the early 
periods of this treatment the animals failed to show the distress so char- 
acteristic of the intravenous injection of adrenalin and a fresh supply was 
used in the latter half of the injection. The use of an adrenalin altered 
by age, or otherwise deteriorated, cannot, therefore, be invoked as an 
explanation of the small percentage of positive results. 

It is evident from the preceding discussion that the question of spon- 
taneous versus experimental arterial degeneration is not a simple one 
indeed, is one beset with many difficulties of interpretation, and, as Adler 
wisely concludes, demands a suspension of judgment until further inves 


tigation has cleared up the doubtful points. 


DIRECT CHEMICAL AND MECHANICAL INJURY 


For the purpose of comparing the lesions of the spontaneous and 
adrenalin disease with those of degeneration and repair following direct 
injury, the vessels in two series of animals were injured by chemical and 
mechanical means, respectively. For chemical injury, a 3 per cent. solu- 
tion of silver nitrate, as employed by Harvey'* for the study of bone 
formation in arteries, was used. Laparotomy was done on three large 
rabbits and a silver solution was painted over a small portion of the 
abdominal aorta. The excess was removed after one minute by means of 
a sponge wet with salt solution. Of the three animals, two survived and 
were killed after forty-six days. In both the injured areas showed marked 
thickening of the adventitia. Histologically, the intima and inner por- 
tion of media were unaffected. In the outer portion of the media very 
definite calcification was present, and about this, involving especially the 
adventitia, was a great amount of fibrous thickening. 


11. Meyers, M. K.: Die Wirkung von intravenisen Injektionen von Hypo 
physenextrakt und Brenzkatechin, sowie von einmaligen Adrenalininjektionen auf 
die Aorta von Kaninchen. Centralbl. f. allg. Path. u. path. Anat., 1909, xx, 109 

12. Harvey, W. H.: Bone Formation in Rabbit’s Aorta by Application of 
Irritant to Vessel Wall. Jour. Med. Research, 1907, xvii, 25. 
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In another series the same port on ol the aorta was crushed Wi 
artery clamp, the jaws of which were covered with thin rubber tubing 
prevent tearing. ‘The pressure was applied for ten seconds. On 
the clamp, interstitial hemorrhage in the vessel wall could be 
no external bleeding occurred. Six large rabbits were so treated an 


I 


killed after periods varying from fourteen to forty-seven days. 


Macroscopically, the aorta appeared more opaque at the point crus! ed 
but there was no appreciable thickening and no thrombosis. Microscopic 
ally, an atrophy of the connective tissue and smooth muscle of the medi 
was seen, with stretching, straightening and rupture of the elastic fibers 
and marked hvpertrophy of the intima Despite the thickening of thi 
intima, however, the vessel-wall was thinner at this point than elsewher 
owing to atrophy of the media. No ealcification was seen Althoug 


there is an interesting contrast between the results following the chemical 


I 


and mechanical injury, the two lesions being of entirely different type, 
neither closely resembles the common lesion of the spontaneous or thi 
adrenalin disease, though the repair following mechanical injury is an 


} 


exaggerated form of that type of adrenalin injury in which intimal 
liferation (Pearce) is occasionally seen. 

For the purpose of still further studying the influence of the mechar 
cal factor without employing toxins or causing direct Injury, 
published experiments of Klotz' were repeated. 

Klotz describes the production of arterial lesions in rabbits as the 
result of suspending the animals daily by the hind legs for three min 
utes. This treatment was carried on for periods varying from ninety-two 

} 


yy 


to one hundred and thirty days. He had demonstrated previous 
manometric studies, that by this procedure the pressure in the carotid and 


subclavian vessels could be raised. Thus he was reproducing a factor 


considered of prime importance in the etiology of human arteriosclerosis 


The five rabbits subjected to this procedure showed more or less marked 
changes in the aorta, and the carotid and subclavian arteries. In the 


animal subjected to daily suspension for one hundred and thirty days 


there was found at autopsy a spindle-shaped aneurism of the thoraci 
aorta extending from the sixth rib to the diaphragm, a thickening of the 
wall of the aorta as far down as the renal artery, and a marked thicken- 
ing of the carotid and subclavian arteries. It is of interest that, whil 
the lesions in the aorta were of the adrenalin type, with primary change 
in the media, the peripheral vessels showed a primary thickening of the 
intima. As the arteries of the extremities by which the animals were 


suspended were free of lesion, it seemed justifiable to consid 
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mechanical factor responsible for the arterial disease, especially as the 
negative controls appeared to rule out spontaneous lesions. 

I have performed this experiment with two groups of animals. The 
rabbits chosen were all full-grown and in good condition. In the first 
experiment six animals were used; three subjected to suspension, three 
kept as controls. They were treated exactly as described by Klotz for a 
period of one hundred and thirty days, after which the animals were 
killed. Careful post-mortem examination of the aorta and its branches 
to the second or third division revealed no gross changes. Numerous 
sections were cut from different levels of the aorta and its branches and 
examined microscopically with negative results. Of the control animals, 
one showed most diffuse lesions in the ascending arch of the aorta. 

I then decided to repeat the experiment, modifying Klotz’s method by 
giving 100 cubic centimeters of water per stomach-tube, thirty to forty- 
five minutes before suspension, in the hope of increasing the vascular 
tension by the production of artificial plethora. In preliminary experi- 
ments it was found that this amount of water is absorbed within thirty 
to forty-five minutes after ingestion, and, allowing for the regulatory 
mechanism of diuresis, it seemed that at this period we would have the 
maximum temporary filling of the blood-vessels. The period of suspen- 
sion was increased also to five minutes. Three animals were so treated 
daily for a period of a hundred days, but in no animal of the series could 
lesions of the arteries be demonstrated. I have no explanation to offer 
for these results, which differ so greatly from those obtained by Klotz. 


SUMMARY 

The occurrence of spontaneous arterial disease in the rabbit is an 
important factor in the experimental study of vascular disease, and a 
factor the status of which must be definitely determined before the results 
of experimentation along this line can be definitely accepted. In the 
course of this investigation 210 presumably normal animals were exam- 
ined and spontaneous lesions found in 15 per cent. A slight but appar- 
ently negligible difference has been found in the incidence of these 
lesions in eastern and western rabbits and also in rabbits used immedi- 
ately after purchase as compared with those passing through a long 
laboratory existence. The lesions occur in young (small) rabbits almost 
as frequently as in old rabbits. Histologically, the common type of 
spontaneous lesion cannot be distinguished from that due to adrenalin. 
Macroscopically, however, it differs from the diffuse lesion of adrenalin 
by being usually limited to a few foci occurring at the origin of the 
aorta. The peculiar spontaneous lesion described by Ophiils has not been 
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seen. The prolonged administration of barium by the mouth does not 
cause, as has been suggested, the appearance of spontaneous lesions 
These spontaneous lesions apparently explain the results previously 
ascribed to single injections of adrenalin, for a repetition of the “singk 
injection” experiments have given negative results. Likewise, in some 
groups of experiments, the long-continued administration of adrenalin In 
fairly large doses has led to the production of the diffuse lesion, consid 
ered characteristic of adrenalin, in a comparatively small percentage of 
animals. 

Direct chemical injury, as painting the vessel with silver nitrate, 
causes a fibrous thickening of the adventitia and outer portion of media 
with calcification of the latter. Direct mechanical injury, as crushing by 
measured pressure with forceps, leads to atrophy of the media without 
calcification and to definite proliferation of the intima. The latter typ 
resembles somewhat certain late stages of the adrenalin lesion with inti 
mal proliferation, but neither can be considered analogous to either th 
spontaneous or adrenalin lesions. 

Attempts to produce vascular lesions through increasing thi blood 
pressure by mechanical means, as in the suspension experiments of Klot 
have given negative results. 


St. Luke’s Hospital 








THREE CASES OF ADDISON’S DISEASE. ONE WITH 
ADRENAL TRANSPLANTATION * 


F.C. BUSCH, M.D., anp THEW WRIGHT, M.D 


BUFFALO, N.Y 


It has been our privilege, during the present year, to see and study 
with others three cases of Addison’s disease. ‘Two were under observa- 


tion at the Buffalo General Hospital, under the care of Drs. Cary and 


Rochester. respective] Dr. Rochester’s case was referred to him by Dr. 
Kavinoky. The third patient, a mulatto, was under the care of Dr. Him- 
melsbach. The autopsy findings and blood-picture in another case of 


Dr. Himmelsbach will also, with his permission, be included. 
Various points of difference and interest occurred in the symptomatol- 


gave a typical picture of 


ogy and history of these cases. One of them 
\ddison’s disease lhe other two presented features which would tend 
to confuse the observer and increase the difficulty of diagnosis. In one 
of the cases we made an adrenal transplantation. All three cases termi- 
nated fatally, but the result of the transplantation experiment justifies a 
repetition of this procedure, 

The points of interest may be best brought out by an epitome of the 


} 
{ 


case histories followed bv a brief analvsis. 


REPORT OF CASES 


CASE | Patient \ railroad switchman, native of the United States, aged 
29, was admitted to the Buffalo General Hospital March 2, 1909, complaining of 
“vellow jaundice,” kidney trouble, piles, scalp disease, sore throat The family 
history was without interest; no tuberculosis or cancer. The patient has had 


three attacks of gonorrhea, the last four years ago. He had a chancre six years 
ago; does not recall having had mucous patches or skin eruption. He was under 
treatment at Hot Springs for one month. Wife has had two miscarriages, one at 
four and one at five months. No history of pulmonary trouble. 

Present Illness.—Chief complaint is that of weakness which has been progress 
ing steadily during the last five months. This has increased more markedly dur 
ing the past four days Loss of appetite has not been marked until within the 
past week. Patient has always been of constipated habit but of late especially so; 
has had oceasional vomiting spells which he ascribes to a nasal catarrh. Vomit 
ing bears no relation to meals No cough Patient has no well-defined pain but 
complains of a dull ache low down across the back. His wife states that she first 
noticed a change in his color about seven months ago Patient has diffiulty in 


keeping warm 


* From the Medical Department, University of Buffalo 
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Examination.—This showed a fairly well-nourished young man of medium 
height, with black hair, dark gray eyes and a dark skin of yellowish brown hue, 
not in itself remarkable. He had, however, a few freckle-like spots of a darker 
hue on the skin of his face and body, and numerous pigmented spots varying in 


diameter from 1 to 6 mm. There were also present more diffuse patches of pig 
ment on the inner surface of the lips. The sclerotics were not pigmented and 
there was no evidence of jaundice. Physical examination of both chest and abdo 
men was negative, except that both heart sounds were weak. foth anterior and 
posterior cervical lymph-nodes were enlarged Temperature on admission was 


slightly above normal, pulse 118, small in volume and of low tension; blood-pres 
sure 90 The blood pressure varied between 80 and 95, except on one occasion 
when it reached 100, and just before death, when it fell to 50. On different oce: 


sions, in the order named, the Calmette, von Pirquet, and Moro reactions were 
tried. The first and last were positive Ten days before death a positive Was 
sermann reaction was obtained. Blood examination showed the following: hemo 
globin, 90 per cent.; erythrocytes, 4,200,000; leucocytes, 5,800 Differential count 


polymorphonuclears, 51 per cent.; small lymphocytes, 33 per cent large Ivmpho 


cytes, 12 per cent.; eosinophils, 2 per cent.; basophils, 2 per cent rhe urine 
showed evidence of chronic interstitial nephritis. 

Course of Disease rhe patient was admitted March 2 and died April 12. In 
view of the positive tuberculin reactions, tuberculin injections were administered 
but without apparent benefit Desiccated suprarenal was then administered by 


mouth in 30 eg. doses t. i. d., but also without apparent benefit, although the 
patient’s condition remained about stationary. After the positive Wassermann 
reaction and in view of the fact that there was a history of lues, it was suggested 
that antiluetie treatment be employed, with caution. This medication was admin 
istered in the form of protoiodid of mercury 2 mg. t. i. d., beginning April 5. On 
the Sth (three days later) there was a sharp rise of temperature from 99 to 
101.5 F., with salivation. The specific treatment was stopped and the patient put 
to bed He grew very rapidly weaker and died on the morning of April 12, one 
week after the beginning of the antisyphilitie treatment 

1utopsy.—The findings were, in brief, as follows Some old pleural adhesions 
Old pericardial adhesion Flabby heart with thin muscle, fatty infiltration 
atheroma around the coronaries Lungs, nothing of interest no tuberculosis 
Liver somewhat cirrhotic Retroperitoneal glands all enlarged, and some of them 
caseous Mesenteric glands not enlarged Both adrenals (right more than the 
left) caseous, broken down, and the right one in part a pus sac. Urinary 
bladder and bowels apparently normal. Brain apparently normal. Both kidneys 
capsule strips with some difficulty, cortex of normal thickness lubercle bacilli 


demonstrated in smears from both adrenals 


CASE 2.—Patient A mulatto, aged 56, hotel general utility man, had been 
ailing for two years, growing weaker and thinner; lost 30 pounds in weight; dur 
ing the last four months before we saw him he had been turning darker. so much 
so that the increased pigmentation had been remarked on by his friends 

Examination.—W hen he was first seen, in consultation with Dr. Himmelsbach 
the patient was in bed because of nausea, vomiting and occasional epigastric pain 


He was very nervous and was said at times to be demented. He complained also 


of vague pains in the limbs rhe skin was uniformly dark. suggesting bronz 
with areas of deeper pigmentation. There were patches of pigmentation on the 
buccal mucous membranes especially along the median line of the hard palate. On 
physical examination the chest and abdomen were negative The heart sounds 
were strong, with accentuation of the second aortic sound over that of the pul 
monic. The blood-pressure from May 1 to June 8 varied from 125 to 155 mn 
There was moderate thickening of the radial artery rhe urine examination gave 
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evidence of chronic interstitial nephritis. There was no edema. A positive von 
Pirquet reaction was obtained. Two blood examinations were made, with the fol 
lowing findings: 

June 2: Hemoglobin, 90 per cent.; erythrocytes, 5,230,000; leucocytes, 8.438 
Differential count: Polymorphonuclears, 58.71 per cent.; small lymphocytes, 32.38 
per cent.; large lymphocytes, 4.86 per cent.; eosinophils, 4.05 per cent. 

June 13: Hemoglobin, 90 per cent.; erythrocytes, 4,650,000; leucocytes, 10.000. 
Differential count Polymorphonuclears, 60 per cent.; small lymphocytes, 26 per 
cent.; large lymphocytes, 10.5 per cent.; eosinophils, 3.5 per cent. 

Course of Disease—The patient became maniacal the night of June 11. and 
was taken to the Butfalo General Hospital the following morning. On this day his 
blood-pressure fell to 95 mm., rising again to 105 the following day. He died in 


coma, June 14. The treatment was desiccated suprarenal, and finally adrenalin 


administered hypodermically. 

tutopsy.—Both adrenals were found to be much enlarged. On section they 
were light brown in color, and homogeneous in appearance except for caseous areas 
in each, one 1.5 em., the other 2 em. in diameter. The mesenteric and retroperi 
toneal lymph-nodes were not notably enlarged. Other abdominal organs apparently 
Kidney capsules stripped with difficulty and the cortex was thin. Ana 


normal. 
tuberculosis of adrenals, chronic interstitial nephritis. 


tomical diagnosis 

Case 3.—Patient \ Russian Jew, aged 35, a tailor, was sent to Buffalo Gen- 
eral Hospital by Dr. Kavinoky, on April 24. Family history has no bearing on 
There is no history of tuberculosis or cancer. The patient 


the present illness. 
other disease. Three years ago, after a drink of 


had measles; never had any 
whisky at a social gathering, he suffered from retention of urine, necessitating 
At the same time it was noticed that the patient’s skin became 


catheterization. 
This pigmentation disappeared after a few days. No further 


slightly pigmented. 
trouble was experienced until ten weeks ago, when, at another social gathering, 
the patient drank two glasses of whisky and one of beer. He again suffered from 
retention of urine, and was relieved, by catheter, of 1,000 ¢.c. of normal urine. 
Since then his family have noticed increasing pigmentation of the skin. He feels 
weak and has no appetite. There is gastrie disturbance after eating. Bowels 
move with help of Carlsbad salts. He has nausea, but no vomiting; sleeps well; 
has no headache, but is dizzy. Patient has no night sweats; coughs and spits; 
feels cold. 


Exvamination.—Temperature on admission to the hospital was 97.9 F., pulse 80, 


. 


tension, but regular. Blood-pressure, systolic 88, diastolic 63 


small and of low 
Present weight, 135; greatest weight, 143 pounds. Observation 


Tongue coated 
of patient shows a man somewhat above medium height, slender, but not emaciated, 
with a somewhat anxious expression, brown eyes, dark brown hair and a dry dark 
skin. He looks like a dark-skinned Arab or Syrian. The skin of the whole body 
is thus uniformly darkened, with seattered blotches of somewhat deeper pigmenta 
tion on the face, and very deep pigmentation of the scrotum, penis, nipple areole, 
axillary and inguinal folds and waist and collar lines. There are also patches of 
pigmentation on the buccal mucous membranes, lips, cheeks and palate. There are 
likewise leucodermic areas in the skin of the back and scrotum, forming a striking 
contrast to the dark skin adjoining. Heart normal in size and shape; sounds 
feeble; pulmonic slightly accentuated over the aortie. Lungs: poor expansion at 
both apices; right especially anteriorly, left especially posteriorly; no abnormality 
on auscultation. 

April 20: Hemoglobin, 74 per cent. ; erythrocytes, 4,044,000; leucocytes, 8,600 
Differential count: Polymorphonuclears, 66.3 per cent.; small lymphocytes, 19.3 
large lymphocytes, 1.8 per cent.; eosinophils, 6.8 per cent.; basophils 


Blood-examinations were made on three occasions, as follows: 


per cent 
1.2 per cent.; transitional, 4.3 per cent. 
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May 7 Hemoglobin, 85-90 per cent.; erythrocytes, 4,900,000 leucoevtes 
10.300. Differential count Polymorphonuclears, 62.5 per cent.; small lwmpho 
cytes, 17 per cent.; large lymphocytes, 7 per cent.; eosinophils, 13 per cent 


basophils, 0.5 per cent 

May 16: Hemoglobin, 90 per cent.; erythrocytes, 5,100,000; leucocytes, 12,850 
Differential count: Polymorphonuclears, 47 per cent small lymphocytes, 20 pet 
cent.; large lymphocytes, 12 per cent.; eosinophils, 19 per cent. ; basophils, 2 per 
cent 

No reaction was obtained from the Moro tuberculin ointment Phe von Pirquet 
and Calmette tests were not used 

Operation The patient entered the hospital for the purpose of observation 
and with his consent and desire, for a trial of adrenal transplantation It was 
desired, if possible, to use a human gland for this purpose; but no available case 
presenting itself, and the patient’s condition becoming alarming, it was decided 


to use the adrenal of one of the domestic animals. This was done on the afternoon 
of April 29, 1909. A female shoat, weighing 40 pounds, was killed by a blow on 
the head and immediately thereafter the left adrenal gland was removed pet 
abdominal route. About one-fifth of the gland was shaved off, with a sharp razor 
from each side, exposing the medulla [he ends were treated in the same way, s« 


that approximately two-thirds of the whole gland remained for transplantation 
and presented four raw surfaces for contact with the receiving organ. It was orig 
inally intended to use the kidney for this purpose, both because of its vascularity 
and because, in our animal experiments' we had made successful grafts into thi 
kidney. The patient was, however, in such a precarious condition that it seemed 


almost certain that the attendant hemorrhage and shock, if the kidney were used 


would prove immediately fatal rherefore, the testicle, with much less favorable 
conditions for graft survival, was chosen instead. This was exposed, under local 
anesthesia, through an inguinal incision, the testicle being drawn up into the 
wound An incision was made i&to the tunica albiginea Just enough of the 
testicle proper was excised to allow of snug accommodation of the graft rhis 


was buried and covered by the tunics, which were sutured together with 00 plain 
catgut 

Postoperative History At the first dressing, on the third dav. the horse-hair 
skin sutures were removed here was absolutely no sign of inflammatory reac 
tion In fact, the patient suffered practically no discomfort from the operation 
lemperature and pulse remained normal From the time that the patient entered 
the hospital much difficulty was experienced in getting him to take nourishment 


and in overcoming his extreme depression and discouragement He was given 
for a few days only, desiccated suprarenal. This was withdrawn because of ensu 
ing nausea Adrenalin bv |} vpode rmic was also employed, but given up shortly 


after the operation, to be resumed two or three days before death. For a time 
after the operation evident improvement in the patient’s condition oecurred. He 
became less despondent, ate better, felt somewhat stronger, and the vascular tonus 
increased. During this time, also, it seemed that the pigmentation somewhat less 
ened. ‘Two or three days before death, weakness became suddenly more pronounced, 
the blood-pressure slowly fell, and the pigmentation deepened Collapse occurred 
on the night of June 16 with a severe chill (as judged by the patient’s shivering 

followed by coma and death on June 17 The patient had lived two weeks and 
one-half after the adrenal! transplantation His death was, at least, not hastened 


hy the operation, and we think it may have been delayed. 


1. Am. Jour. Phvsiol.. 1906. xv. No. 5 jusch, F. ¢ Leonard, T. M., and 
Wright, 7 Further Results in Suprerenal Transplantation Jour Am. Mee 
Assn., 1908, li, 640 
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Post-mortem Examination of Transplanted Tissue——Autopsy was refused, but 
the organ containing the graft was secured. On cross-section of the testicle con- 
taining the graft, the latter was seen to be well imbedded in the testicular sub- 
stance, distinguishable from it by difference in color and consistency. There was 
no macroscopic evidence of inflammation. At one end a number of new-formed 
blood-vessels could be seen radiating from the graft into the surrounding testicle. 
The color of the graft and its general appearance were much the same as at the 
time of imbedding. On microscopic examination the adherence of the graft was 
still better shown. It was, in part, separated from the testicle by a band of new- 
formed connective tissue, with trabecule penetrating the graft, and, in places, 
separating it into islands of adrenal tissue. A few scattered groups of cells pre 
sented the characteristics of adrenal medulla, in size, in arrangement and in stain- 
ing properties. The major portion of the medulla had apparently become necrotic. 
A large part of the cortex, however, had survived, as represented by columns of 
smaller cells, readily staining with hematoxylin and eosin. Many new-formed 
blood-vessels, containing normal (human) red blood corpuscles were found in the 
graft, entering it mainly by way of the connective tissue trabecule. An interesting 
finding was the presence of numerous eosinophilic cells about the periphery of the 
graft and especially in the necrotic tissue. 

In view of the microscopic findings and the length of time (two and one-half 
weeks) after transplantation, we are justified in considering that a part of the 
graft had survived and was living at the time of the death of the patient. 

PARTIAL ReEPorT oF ADDITIONAL CASE.—The blood-picture and autopsy findings 
in Dr. Himmelsbach’s other case, referred to in the first part of this article, were 
as follows: 

Blood.—Hemoglobin, 100 per cent.; erythrocytes, 5,430,000; leucocytes, 12,600. 
Differential count Polymorphonuclears, 55 per cent.; small and large lympho 
cytes, 38 per cent.; eosinophils, 7 per cent. 

tutopsy.—Permission was obtained to open the abdomen only. Abdominal 
organs were normal except the kidneys, which were both caseous, the left entirely 
so and the right almost completely destroyed. Tubercle bacilli were demonstrated 
in smears from the adrenals and microscopic examination of sections showed 


typical tubercles with giant cells. 


COMMENTS ON THE PRECEDING CASES 


One of these cases presented the classic picture of Addison’s disease. 
It could hardly have been mistaken for anything else. Unfortunately no 
autopsy was permitted, so that final proof was lacking. 

It is evident from a careful analysis of these cases that no one symp- 
tom or sign or finding is pathognomonic. In two of the cases, in which 
blood-pressure records were frequently made, the blood-pressure was uni- 
formly low, both heart and vessels being involved in the diminished 
tonus. In one of the low blood-pressure patients there was also a chronic 
interstitial nephritis of moderate degree. In one case, that of the 
mulatto, the blood-pressure remained high until just before death. In 


this case there was likewise a chronic interstitial nephritis of moderate 


severity, with some arterial thickening. 
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In one case there was a complicating history of syphilis and a positive 


Wassermann reaction. Because of this, antiluetic treatment was 


employed and undoubtedly hastened death. The intolerance for 


mercury 
in this instance was striking. We have since learned, in looking through 
the literature, that mercury is often poorly borne by these patients. 


Three of the patients were pigmented in varying degree and showed 


pigmentation of the mucous membrane of the mouth. In one, the 


mulatto, the pigmentation might easily have been mistak for the 


natural color of the neg 


Y 
ro 


Two patients gave positive tuberculin reactions. The third might also 


i I i ii 


have given a positive reaction if more than one test had been used. The 


diagnosis was sufficiently clear without it. 


The blood-picture in all was strikingly similar. There was no ane- 


mia. The hemoglobin percentage and red counts were both high. The 


ity of the blood was apparently diminished, which accounts, in part 


at least, for the high readings, The differential count is espe ially inter- 


there was a decrease in the relative number of polymor 


phonuclear forms and an increase in the small and large lymphocytes, 


particularly the former. ‘There was an increase in the number of eosino 
philes fr m a moderate to a marked <€ oret In one case this was pro- 
gressive, as was also the lymphocytosis. In this case, also, eosinophiles 


bout the necrotic portion of the transplanted 
adrenal. What the significance of the 


were found in numbers 


eosinophilia is we do not know, or 
whether it has any significance. We ar 


looking over our sections ol 


transplanted adrena!s in animals with tl 


s point in mind and are begin- 
ning an experimental study in animals. 

On the t erapeullh side there seems to have been little, if any, bens fj 
from the use of adrenal, either of the whole gland by 


mouth or ot its 
active principle by hypodermic injection. We still think that 
adrenal transplantation is the most promising 

Our one transplantation In man was far from discoi 


first place. we had to be content with an organ for tl 


the reception of the 
grait whi we felt was not the most suitable In the se yn nia W 
were (¢ yliged to use the adrenal fro another species o inimal, inste id 
of from another man as w had wished, In spite of thes icts, a large 
part of the graft lived for two weeks and a ha Not enough survived to 


Save e patient. Whether it might have become ad 


environment and functionated adequat had t 


advan ed in the disease, we cannot, ot course, say 
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Several attempts at adrenal grafting have been made, but none with 
as long survival of the patient and none with any demonstrable graft 
survival, so far as we know, besides ours. 

We are at present carefully studying the literature of Addison’s dis- 
ease and expect, later, to be able to give a more detailed and acurrate 
analysis. 


19 Irving Place—152 Allen Street. 
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THE TOTAL ENERGY REQUIREMENT IN DIABETES 
MELLITUS 
BASED ON OBSERVATIONS WITH TIE PETTENKOFER-VOIT CHAMBER * 


EUGENE F. DuBOIS, M.D 
NEW YORK 
AND 
BORDEN S. VEEDER, M.D 
PHILADELPHIA 

Although the work on the various phases of metabolism in diabetes 
mellitus has become voluminous, there are but few records of the respira- 
tory metabolism and of the total energy requirement. The statement 
commonly made in text-books and literature on the subject, that there is 
practically no change from the normal, is based almost entirely on thi 
observations made in a severe case of diabetes by Pettenkofer and C 
Voit! in 1867. In the original] article no caloric estimations were made 
and incorrect conclusions were drawn, which were subsequently corrected 
by C. Voit? and F. Voit.* Graham Lusk,‘ using unpublished figures 
obtained from Erwin Voit, gives the caloric determination of the sam 
case as 34 calories per kilo. None of these authors give the figures of thy 
reckoning. Ebstein,® in 1898, determined the twenty-four-hour carbon 
dioxid output in a case of severe diabetes, but did not go into the ques- 
tion of energy requirement. In his article he says that Lehman will 
consider the details in a later publication, but we have failed to find any 
such article or to find any reference to it in literature. Livierato® also 
made some tests in cases of diabetes, but his work has been considered so 
unsatisfactory that other investigators have refused to draw conclusions 
from it. 

From the Laboratories of the IL Medical Clinie, Kgl. Charité, Berlin 

1. Pettenkofer and Voit: Ueber den Stoffwechselverbrauch in der Zucker 


harnruhr. Ztsehr. f. Biol., 1867, iii, 380. 
2. Voit, C.: Physiologie des Stotfwechsels, 1881, p. 328. 


3. Voit. F.: Ueber den Stoffwechsel bei Diabetes Mellitus. Ztschr. f. Biol.. 
1892, xxix, 129. 
$. Lusk, Graham: Ztschr. f. Biol., 1890, xxvii, 478 


5. Ebstein: Beitrag zum respiratorischen Gaswechsel bei der Zuckerkrank 
heit. Deutsch. Med. Wehnschr., 1898, xxiv, 101. 

6. Livierato, P. E.: Schwankungen der von Diabetiker ausgeschiedenen Koh- 
lensiiure. Arch. f. exper. Path. u. Pharmakol., 1889, xxv, 161. 
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Falta,’ in a recent publication, gives the results of three cases of 
diabetes observed together with Benedict and Joslin in which an Atwater- 
Benedict chamber was used He gives no details except a statement that 
two of the cases were severe, and that the metabolism was determined in 
a condition of hunger and with observations lasting six hours. His 
figures vary from 30 to 35 “Kal. pro St.” ; as this would mean about 785 
calories in twenty-four hours, we imagine he means “Kal. pro Kilo.” 
Observations have been made with the Zuntz-Geppert apparatus by many 
workers. Leo,* Weintraud and Laves,? Nehring and Schmoll,!® Robin 
and Binet,"* Magnus-Levy,’* and others. The Zuntz-Geppert apparatus, 
however, only determines the direct exchange of oxygen and carbon 
dioxid for short spaces of time—usually for ten or fifteen minutes in each 
of several consecutive hours. This gives much valuable information, 


particularly in regard to the utilization of various foodstuffs, but, on 
account of the short period of investigation and the large chances of 
technical error, it is impossible to make reliable deductions as to carbon 
dioxid output for twenty-four hours. This can be seen by comparing the 
figures of the various investigators above mentioned. 

At the suggestion of Herr-Privat-Docent Dr. Theodor Brugsch, to 
whom we wish to acknowledge our deep indebtedness for his valuable help 
and advice, we undertook a series of three observations with the Petten- 
kofer-Voit chamber, using the more modern methods of chemical analysis 
of food, feces and urine. Our object was to ascertain whether or not 
cases of diabetes mellitus show a variation from the normal in the total 
energy requirement and the twenty-four-hour carbon dioxid output. The 
first observation was on a normal individual weighing 70.1 kilos as a 
control ; the second on a patient weighing 70.4 kilos, with severe diabetes, 
acidosis and large sugar excretion; and the third on a patient weighing 
68 kilos, with mild diabetes. As all three were of nearly the same weight 
and stature, the questions of variation due to body surface and weight 
were minimized. 


7. Falta: Ueber das Respirationskalorimeter in Boston. Wien.  klin 
Wehnschr., 1909, xxii, 565. 
8. Leo, H.: Ueber den respiratorischen Stoffwechsel beim Diabetes mellitus 


Ztsechr. f. klin. Med., 1891, xix, sup. Heft, 101. 
9. Weintraud, W., and Laves, E.: Ueber den respiratorischen Stoffwechsel 
im Diabetes Mellitus. Ztschr. f. physiol. Chem., 1894, xix, 603. 


10. Nehring, O., and Schmoll, E.: Ueber den Einfluss der Kohlehydrate auf 
den Gaswechsel des Diabetikers. Ztschr. f. klin. Med., 1897, xxxi, 59. 
11. Robin and Binet: Exchanges respiratoires dans le diabéte. Arch. gén. de 


méd., 1898, x, 283 


12. Magnus-Levy: tespirations-versuche an liabetischen Menschen. Ztschr. f 
klin. Med., 1905, Ivi, 83. 
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The Pettenkofer-Voit chamber was the one used and des 


same for all three cases, 


ribed 


j } 


Steyrer,’* and the methods, which were the 
lowed his very closely. 


candle burnings. Then, before each subject was put 


) 


First the chamber was tested by severa normal 


his nitrogen excretion was determined for several days in order to be ab 
to give sufficient protein food to bring about an approximate nitrogen 
balance. Enough fat and carbohydrate were added to cover the proba 
caloric needs and water was allowed ad libitus In each case the diet is 
practically the same as that which the subject had been havin thie 
previous week. On the morning of the obs ition, after several hours 
fasting, a meal was given and also a 0.3 gm. carmine powder. Then thy 
subject was put in the chamber for twenty-two hours, all r¢ nings being 
corrected for a twenty-four-hour basis. While the subject was in thi 
chamber two more meals were civen, the last one being at least five ours 
before the end of the observation. During practically the w e time th: 
patient was in bed in a condition of Zimmerruhe, dé ng no kK nd of worl 
except the movements of eating, reading and turning in bed. Thre 
hours after leaving the chamber a meal was given, together with a second 
carmine powder. 

The food given was made up in double quantities and divided equal 
in two portions by weight, one being given to the subject of the investi- 
gation and the other being analyzed. The feces were collected from tl] 
appearance of and including the first carmine powder, up to the appear- 
ance of the second. The specimen of urine was collected in the usual wa 
during the twenty-four-hour period of the observation. Food and feces 
were dried over a water bath for six days and then for a short time in a 


drying oven at 60°. The amount of nitrogen was obtained by Kjelda! 
method and prot in calculated by‘ multipl ing bv 6.25 and prote n carbon 
by multiplying by 3.28. A weighed portion of each, food and feces, 


extracted with ether (feces method of 


obtained. Carbohydrate determinations were made in most cases by 


ing with 2 per cent. hydrochloric acid and alcohol and titrating the s 
in some cases by subtracting the protein carbon and the fat carbon 
total carbon. The carbon of the fat was obtained by elementary an: 
and a portion of the food from which the fat had been extracted 


f Brugsch'*) and the amount of 


burned, thus obtaining the total carbon present Ash was obtained 
K jeldal V’s method and the amount of carbon by elementary anal 
13. Stevrer: Ueber den Stoff und Energieumsatz bei Fieber, u. s. w. Zt 


f. exper. Path. u. Therap., 1907, iv, 720 
14. Brugsch: Fett bestimmung in den Fiizes. Brugsch and Schittenhelm 


buch klinischer Untersuchungs methoden 


Was 
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Sugar was determined by Kumagawa’s'’® modification of Pavy’s method 
and acetone by the method of Huppert-Messinger.*® Control analyses 
were made in all cases, in some instances by Dr. E. B. Leech of Manches- 
ter, England. In determining the caloric values the following generally 


act epted factors of Rubner were used: 


Cal. per gm. Cal. per gm 
Protein . . 4.1 Fat carbon . : . 
Carbohydrate . . 4.1 Aleohol 7.0 
Fat ace. ee 


DETAILS OF CASES 


CASE 1.—June 3-4, 1909; D., physician, aged 27, weight 70.1 kilos, normal. 
In the following tabular matter, units are grams, unless otherwise specified : 


Foop 
Beefsteak 120.0 Sugar . : 30.0 
Rice 5 (I NE cg soce aoe 
Butter . 150.0 Milk ahs adecedain 1000.0 
Weight dried eee! 559.3 


Analysis 


Protein 81.3 
Fat 199.8 N 13.01 
Carbohydrate... 251.4 © ie DR. x 113.6 
Ash 16.1 ( 267.3 C in carbohydrate 
and protein io Dee 
FECES 
Weight dried . ‘ 23.01 
Analysis 
Protein a 
Fat 6.0 N 1.27 
Carbohydrate 4.01 
Ash . &.) ( 98 
URIN! 
Quantity 1600 e.c. 
Albumin negative N 12.8 
Sugar . Negative ( 10.50 C:N....0.825 
CO, output for twenty-four hours .. 783.8 gm. 
C output for twenty-four hours 213.77 gm. 


15. Kumagawa: Salkowski’s Festschrift, 1904, p. 211. 
16. Huppert-Messinger: Brugsch and Schittenhelm, Lehrbuch klinischer Unter- 


suchungs methoden, 1908, p. 510. 
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Catab- 
Food. Feces. Absorbed. Urine. Balanc« olized, 
Protein $10.3 7.9 73.4 5 , 80.0 
Protein N .. 13.01 1.27 11.74 12.8 —1.06 12.8 
Protein C ..... 12.67 4.16 38.51 <a 3.47 $1.98 
Protein calories . nan “lone ane ; 328.0 
. were 199.8 6.0 193.8 aes ; 
eee 113.6 3.86 109.74 ns + 36.64 73.10 
Fat calories ... a ; vee ; 899.1 
Carbohydrates ..... a 251.4 4.01 247.39 ; . 247.39 
Carbohydrate C (Disac.).... 12.63 : 12.63 R 109.25 
Carbohydrate C (Polysac).... 98.4 1.78 96.62 : 
Carbohydrate calories......... —_— : aaa . . 1063.77 
SUMMARY 
aff) A 213.77 
C of urine..... 10.56 


224.33 


Less C of protein...... 41.98 
182.35 

Less C of carbohydrate. . 109.25 
C of fat catabolized 73.10 
C of fat ingested... . 109.74 
C of fat retained.... 36.64 
C of neg. N balance.. 3.47 
Amount of C retained 33.17 
Calories 

Protein . 328.0 

. ane 899.1 
Carbohydrate 1063.77 
Total . 2294.87 

Calories per kilo of body weight 32.7 


Case 2.—June 10-11, 1909: S. G., dental student, aged 23, weight 70.4 kilos, 
with severe diabetes. Two years ago it was found that the patient had diabetes 
mellitus with 2.5 per cent. of sugar but no acidosis, the sugar disappearing from 
the urine on the withdrawal of carbohydrates from the diet. About six months 
before our observation he underwent two minor operations under chloroform 
anesthesia. Following the operation acetone and diacetic acid appeared in the 
urine, and the acidosis has been a constant factor since. The patient has been in 
the hospital for general treatment for about three weeks. On ordinary diet sugar 
amounts to 2 to 5 per cent., acetone trace. On a carbohydrate-free diet sugar is 
present. Acetone and diacetic acid are present in small amounts, clearing up 
temporarily after a few oatmeal days. Hyperglycemia, 0.3 per cent. Heart and 
lungs normal. General condition of patient’s nutrition and musculature good. 
No obesity. 


Foop 
Chopped steak 150.0 Thin oatmeal gruel 385.0 
Ham .... 49.0 Bread ... 66.0 
Sausage . 25.8 Soup (veg.) 140.0 
Bacon .. ; . 12.5 Cognac . 10.0 


Sutter ... ... 41.6 Coffee and tea.. 3 cups 
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Analysis 


Protein 68.25 
Fat 103.4 N 10.92 
Carbohydrate 55.53 
Ash 18.7 ( 142.45 ( in fat 74.62 
C in cognac 7.33 
C of carbohydrate 
and protein. 60.5 
FECES 
Weight dried 37.56 
(Analysis 
Protein 11.69 
Fat 14.8 
Carbohydrate 7.64 (by subtraction) N 1.87 
Ash 3.43 ( 21.26 
URINI 
Quantity 3480 c.c, N 17.24 
Albumin negative ( 69.13 C:N j 
Sp. g 1035 Sugar 1% = 145 
Beta-oxvbutyvrie acid Trace" Acetone and diacetic acid, 0.0875 
AIR 
CO, output for twenty-four hours 748.8 gm. 
( output for twenty-four hours 204.2 gm. 
Catab 
Food Feces. Absorbed. Urine Balance olized 
Protein 68.25 11.69 56.56 51.91 107.75 
Protein N 10.92 1.87 9.05 17.24 8.19 17.24 
Protein ¢ . 35.82 6.13 29.69 58.54 
Protein calories ; ; $41.77 
Fat 103.4 14.8 88.64 ; 123.29 186.16 
Fat ¢ 74.62 11.75 62.87 2289.76 
Carbohvdrates 55.53 7.04 17.89 145.0 97.11 
Monosae 
Carbohydrate C ( Polysac.) . 24.68 3.38 21.30 58.0 36.70 
Carbohydrate calories ; : ; 398.15 
Aleohol 14.06 14.06 
Aleohol ¢ 7.33 7.33 ; 7.33 
Aleohol calories 98.42 
SUMMARY 


In reckoning the metabolism in this case the altered relations due 
to the excessive excretion of sugar must be taken into consideration. The amount 
of carbohydrate ingested was more than balanced by the amount excreted and is 
therefore not taken into the reckoning, since it was not available for energy. We 
find that 21.30 gm. of carbon were ingested in the form of carbohydrates, while 
8.0 were exereted, making the carbon of the negative carbohydrate balance 


17. Several determinations of the beta-oxybutyrice acid were made with results 


showing a technical error The amount in each case was very small, and we 
decided the error would be less in ignoring its presence than in using a mean of 


the determinations. The amount was so little that it would make but slight and 
unimportant changes in the final results 
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36.70. This amount of carbon in the sugar must have been made up from the 
protein, and hence must be added to the carbon in the air, and the carbon of the 
non-carbohydrate part of the urine, in order to obtain the total amount of carbon 
in the metabolism of the protein, aleohol and fat 


C of non-carbohydrate part of urine 11.13 
C of sugar derived from protein 36.70 
C of air 204.2 
lotal C output 252.03 
Less C of total protein 58.54 
193.49 

Less C of aleohol 7.32 
Total amount of fat © catabolized 186.16 
( of fat ingested 62.87 
(' from body fat 123.29 
Calories 

Protein $41.77 
Alcohol 98.42 
Fat 2289.76 


( arbohyvdrate 


From this must be deducted the heat loss of the sugar built up. as we have 
added above the carbon of sugar derived from body protein 
YRPO OH 


376.17 


lotal calories 2453.7 


Calories per kilo of body weight 34.8 


It will be noted that the diabetic patient excreted 4.4 gm. more nitro 


gen than the normal individual. Rubner'* states that 28.5 per cent. of 


this excess equaling 0.5 calory per kilo is not utilized and hence should 
be subtracted from the total, leaving the figure of 34.3. 


Case 3.—July 3-4, 1909 Max M., government official, aged 39, weight 68 
kilos, with mild diabetes. For several vears patient has had a mild diabetes 
designated by his physician as “kidney diabetes.” We personally had no oppor 
tunity to make protracted observations, but it is said there is always a small 


amount of sugar present in the urine varying from 0.5 to 1.5%, regardless of diet 
We regret not having been able to go more deeply into the pathogenesis and clin 
ical aspects. The urine averages about 2 liters daily, and patient, with but slight 
carbohydrate restriction, showed 0.52 per cent. of sugar before the observation 
on the only control sugar test made by us The patient’s general health, condi 
tion of nutrition and development were good and he was able to do his work with 
out the slightest difficulty. He was not a patient in the Charité, but underwent 


the observation as a matter of courtesy to Dr. Brugsch 





18. Rubner: Gesetze des Energieverbrauchs, 1902 
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Foop 

Meat 250.0 Bread 230.0 
Milk 650.0 Butter 66.1 
Vegetables 300.0 Coffee 600.0 
Compote 100.0 

Analysis 
Protein 111.25 
Fat 105.2 N 17.8 
Carbohvdrates 190.20 ( 233.49 C in fat.. 86.13 


Cin protein and 
carbohydrate 147.36 


FECES 


Weight dried 29.) 
\nalysis 
Protein W775 
Fat 6.585 N 1.58 
Carbohvdrates 8.8 ( 13.76 (' in fat 5.185 
Ash 3.34 C in protein and 
carbohydrate 8.485 
URINI 
Quantity 1840 c.c 
Albumin negative N 9.17 
Acetone negative ( 8.72 C:N 0.96 
Beta-oxybutvrie acid negative Sugar 0.4% 7.76 
AIR 
(O, output for twenty-four hours 778.41 gm 
( output for twenty-four hours 212.3 gm 
Catab- 
Food Feces Absorbed. Urins Balance olized 
Protein 111.25 S875 LOL375 52.62 
Protein N 17.8 1.58 16.22 8.42 7.8 8.42 
Protein (¢ 58.38 5.08 53.30 27.36 
Protein calories 215.75 
Fat 105.2 6.585 98.615 27.13% 
Fat ¢ 86.13 5.185 80.945 108.08 
Fat calories , 329.48 
Carbohvdrate 190.25 8.8 181.45 7.76 173.69 
(arbohvdrate (¢ 88.98 3.4 85.58 3.7 82.48 
Carbohvdrate calories 712.13 
SUMMARY 
C of non-earbohydrate part of urine 5.62 
( f air 212.3 
217.92 
Less ( of protein 27.36 
190.56 
Less C of available carbohydrate 82.48 
(' ecatabolized from fat 108.08 
(' of fat Inge sted 80.945 
C of fat from body 27.135 
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Protein calories 1D.40 
Fat 1329.48 
f Carbohydrate 712.13 


22) in) 
Calories per kilo of be veigh L7 
SUMMARY OF THE THREE CASES 
CO, « 
C per per kilo 
Weig I il CO, Cal Kilo per min.* 
Normal] 70.1 783.8 2295 $2.7 3.95 
Severe diabetes 70.4 748.8 2453 34.3 8.75 
Mild diabetes Os. 718.4 2258 1.7 t.04 
* Using factor CO.L 
0.500] 
CO, gm 
Comparing a number of cases by different observers of normal indi- 


viduals of similar weight and under similar conditions, as given bi 


Magnus-Levy,’® it is seen that all three of our cases are close to the 
figures for normal individuals. 
NORMAL INDIVIDUALS AT REST 
Weight Calories C Per Kilo Observer 
64.8 1918 29.6 Siven 
65.0 2136 32.9 Atwate 
70.0 2279 32.5 Atwater 
TO0 2278 32.5 Atwater 
73.6 2101 28.9 Clopat 
72.7 2269 31.2 Senden & 1 
: 73.3 2198 oO Ranke 
; Average 31.1 
, 


In neither the severe nor the mild case is there sufficient variation 
) or iner 


from the normal to warrant any statement ol a decreased « 


a energy requirement. 


COMPARISON OF FIGURES OF VARIOUS OBSERVERS ON DIABETES 


Weight Total CO Cal. Per K 
P. and V. (sever 54.0 621.0 ca 34 
Ebstein (severe) 62.5 687.8 ea 36 
Du. B. and V. (severe 70.4 778.4 34.5 
Du. B. and V. (mild 68.0 778.4 51.7 


* Figures as given by Graham Lusk—no original reckoning 
+ Figures as given by Magnus-Levy—no original reckoning 


eee ae 


In the case of Pettenkofer and Voit! we have selected the observatior 


in which the food and conditions seem nearest to those of our case. Th 
original investigations extended over a long period of time in which ther 


19. Magnus-Levy: In Von Noorden’s Handbuch der Pathologie des Stoffwe« 
sels, 1906. i, 291. 
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Was a Oss n welgnt, and SO a s| oht dl {Te rence will pe found petween 
our figures and some others published, such as Magnus-Levy’s, in which 
a mean of five observations was taken. The different caloric estimations 


of different authors for Pettenkofer and Voit’s work varies between 33 


| r | 


and 36 in the same case Kbstein gives no original figures for the 
calories t w ve noted that all three of the severe cases are at the 
extreme upper limit of what is considered the normal metabolism. 

The only method by which we can make a comparison with the Zuntz- 


Geppert app itus is bY comparing the CQ, output in cubs entimeters 


rm per te 
() vures are as follows 
Norma ,.O5 
Ss ' ibetes re 
Mild diabetes 4.04 
The average of twelve other cases of diabetes cited by Von Noorden 
s 3.93, whi s within the limits for a normal individual. 
CONCLUSIONS 
The total energy requirement of cases of diabetes does not vary from 
the norma In addition to the 31-35 calories required for the normal 
individua it rest, the diabetu should be given enough extra calories to 
cover the loss of sugar in the urine. If this is not done there is a break- 


ne down of the hody protein and fat. 


Presbyterian Hospital, New York—2033 Locust Street, Philadelphia 


1) Von Noor ler 1) hetes Mie llitus Handbuc h det Pathologie des Stoffwech- 


sels, 1907, ii, 46 
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SYPHILIS OF THE THYROID 


BENJAMIN F. DAVIS, M.D 


CHICAGO 


Gummata of the thvroid gland are so seldom discovered that 


justifiable to review the literature on the subject while making this 
report. I shall, therefore, re ipitulate as much of the data bearing n 
such lesions as it has been possible to gather. before proceeding to the 
discussion of the case in hand. 
PREVIOUSLY REPORTED CASES 

Demme! (1879) reports three cases of syphilis of the thyroid in 
children in which gummatous nodules appeared in the thyroid glands 
concomitantly with syphilitic lesions of the viscera. He says that these 
gummata appear as grayish-red or grayish-yellow nodules, sharp 


} 


rounded and, like mal onant or tuberculous growths ol these 


destroy the parenchyma. The microscopic findings agree with those o 
gummata of the liver. In another place’ he says: 

In the course of congenital, he reditary syphilis, we find a few cases, and in my 
experience only in children. in which accompanying syphilitic lesions of the vis 
cera, we find gummatous nodules in the thvyroids They are sharply circun 
seribed, and present the same microscopic appearance as gummata of t liver 

Wagner? says that he has seen gummata of the thyroid, but gives n 
details. Birch-Hirs« ele quotes Demme, saving that gummata ma " 
found In the thvroids ot the new-born and that he KNOWS OL a Cas¢ I 
which gummata also occurred in the thymus, lung, liver and pancreas: 
Orth‘ also quotes Demme to the effect that gummata occur in the thyroid 
but rarely. Ziegler’ savs: “Gummata of the thyroid are very rarely met 


From the Pathological Laboratory of the University of Chicag 


1. Demme: Krankheiten der Schilddriisen, Bern, 1879; Gerhardt’s Handbu 


der Kinderkrankheiten, iii, part 2, p. 413; quoted fromeClarke ( Lancet 


1807. i 


389), Mendel (Med. Klin 1906, 11, 833 and Fraenkel Deutsch. med. Wehnseht 


1887, xiii, 1035 


2. Wagner Arch. d. Heilk iv quoted from Fraenke Deut sel me 
Wehnsehr.. 1887, iii, 1035) 

3. Birch-Hirsehfeld Lehrbuch der pathologischen Anatomie, Leipsi: S82 
281 

$. Orth: Lehrbuch der speciellen pathologischen Anatomie, Berlin, 1887 ve. 

5. Ziegler lext-book of Special Pathological Anatomy transl. bv Maealister 
and Cattell from the 8th German edition p. 880 
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with.” Navratil® (1882) states that he has seen a gumma of the thyroid 
as large as the fist, but histological confirmation of this diagnosis is not 
given. 

Fraenkel’ (1887) reports the case of a woman 41 years of age who 
had syphilitic ulcers and gummata of the trachea and bronchi, involving 
neighboring lymph-glands. She died of the affection, which, post- 
mortem, was found to be widely disseminated, multiple gummata appear- 
ing in the liver, one in the right kidney, and syphilitic thickenings of the 
frontal bone and the tibia. The thyroids were not enlarged, but at the 
point where the isthmus joined the right lobe was a rather hard, yellow- 
ish-gray mass which was not sharply marked off from the neighboring 
parenchyma and was firmly attached to the trachea. It was 2.5 cm. wide, 
2 cm. long and 1 em. thick. Histologically he found no giant cells, but 
many round cells. The proliferating tissue confined itself to the inter- 
follicular regions and affected the parenchyma only by pressure. He 
found but little evidence of necrosis in this mass—fatty degeneration, 
caseation, vanishing of nuclei, ete.—such as one finds in even the small- 
est tubercle. The growth was not sharply marked off from the surround- 
ing tissue, thus differing, as Fraenkel remarks, from tubercle and from 
the cases of syphilitic thyroids described by Demme. He demonstrated 
the Lustgarten bacillus in sections of the gumma (which makes one 
suspect tuberculosis) ; he thought these characteristic of syphilis. 

Kohler* (1892) reports a case of a woman, 48 years of age, who had 
suffered in her youth from swelling of the glands of the neck, but had 


} 


never been really sick. At the time of examination she was married and 
the mother of two healthy children. She had a typical myxomatous 
swelling of the face, neck and hands. The trigonum colli mediale from 
the thyroid cartilage to the superior border of the manubrium was filled 
with a hard nodular tumor-like mass, which seemed microscopically to 


be of a fibrous nature. The thyroids were not palpable. There were no 


other symptoms suggestive of syphilis. Her husband had had an abscess 
in the groin some time previous. Iodid treatment cleared up all symp- 
toms rapidly, the tumor vanished, the myxedema disappeared, the thy- 
roids again became palpable. The diagnosis was made of gumma of the 
thyroid gland. 


Pospelow® (1894) describes a case of myxedema occurring with dia- 


betes insipidus, which was cured by antisyphilitic treatment, and con- 
6. Navratil: Chir. Beitr., Stuttgart, 1882, pp. 21-22 (Quoted from Wéolfler: 
Arch. f. klin. Chir., 1883, xxix, 827). 
7. Fraenkel: Deutsch. med. Wehnschr., 1887, xiii, 1035 
8. Kéhler: Berl. klin. Wehnschr., 1892, xxix, 743. 
9. Pospelow: Monatsh. f. prakt. Dermat., 1894, xix, 125 

















BENJAMIN F. DAVIS 1 


siders that in this case a syphilitic sclerosis of the thyroids was the cause 
of the cachexia. The patient had shown the characteristic primary and 
secondary lesions, and when the myxedema appeared had a gumma of the 
testicle and a gummatous swelling on the upper third of the left side of 
the larynx. The thyroids were also slightly enlarged and hardened. 
Clarke’*® (1897) reports the case of a married woman, 38 years of 
age, who was seen Dec. 28, 1896. About four years previously she had 
been treated for a gumma of the right arm which subsided under potas- 
sium iodid. She ceased taking medicine and soon three gummata 
appeared on the left side of the face and were similarly cured. About 
March, 1896, a gumma appeared at the front of the neck, and again 
potassium iodid was given; in September, 1896, the swelling began to 
ulcerate and she treated it by poulticing. She had been married thirteen 


years and had never been pregnant. No history of syphilis, aside from 


the gummata for which she had been treated, was obtainable either from 
herself or from her husband. A fortnight before admission to the hos 
pital she noticed a difficulty in swallowing and could take no solids, her 
voice became a husky whisper, and breathing became difficult. She had 
occasional severe paroxysms of dyspnea, causing great distress. In the 
mid-line of the neck anteriorly was a hard cylindrical swelling, extend- 
ing from the hyoid bone to the top of the sternum, so that the thyroid 
and cricoid cartilages could not be felt. The swelling rose and fell with 
deglutition. The upper part was ulcerated—a typical gummatous ulcer. 
Breathing became so difficult that on January 1 laryngo-tracheotom) 
was performed and a tube inserted. The relief was immediate. The 
gumma rapidly dwindled and sloughed off under potassium iedid. Micro- 


scopical examination showed a typical gumma, but no thyroid tissue 


It was concluded that the whole thy roid had not been destroyed, because 
no myxedema appeared by June, 1897. A laryngoscopic examination 
made two days after the operation showed the following: epiglottis, right 
side of larynx, and right vocal cord, red but otherwise natural; left side 
of larynx so edematous that it projected as far as the middle line. The 
left vocal cord could not be seen. No ulceration was visible. The edema 
of the larynx subsided so that the tracheotomy tube was removed on 
January 7. Examination at that time showed that the left vocal cord 
had been almost destroyed, it being represented by a small nodule of 
tissue. 

The next examples of gummata of the thyroid were reported by 
Mendel™* (1906). In a preliminary discussion he suggests that some 


10. Clarke: Lancet, London, 1897, ii, 389 
11. Mendel: Med. Klin., Berlin, 1906, ii, 833 
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cases of supposed syphilis of the thyroid may simply be examples of 
“thyroiditis iodica.” In support of this contention he quotes Seifert to 
the effect that in the secondary stage of syphilis the thyroids frequently 
undergo enlargement, but seldom to such an extent that they can be 
described as true cases of struma syphilitica. This enlargement occurs 
mostly in women, and only during the course of the antisyphilitic treat- 
ment, disappearing entirely in the course of a few years, apparently not 
being influenced in this process by the specific treatment. These Seifert 
considers to be cases of thyroiditis iodica. Mendel also gives a case of 
his own in which a girl, 16 years of age, in whom symptoms were rap- 
idly disappearing under mereury, developed mercurial poisoning so that 
potassium iodid had to be substituted in the treatment. The thyroids 
immediately became swollen and hard, painful on pressure and swallow- 
ing. His diagnosis was thyroiditis iodica. He would class under thi 
sume heading the case of Wermann,’* in which the swelling of the thy- 
roids increased under iodin but decreased under mercury. 

This class of cases becomes of considerable interest in view of the 
reports of a number of authors who are inclined to attribute such changes 
to syphilis per se, apparently never having considered the possibility of 
the thvroiditis iodica of Seifert. 

KE. Lang,’® in 1851, noted that definite circumscribed nodules may 
occasionally be found in the thyroids in early syphilis. 

Lancereaux,’* in his treatise on syphilis (1868), refers to a similar 
condition as follows: 

\ change in this gland is mentioned in several of the cases which form part 
of this work. A very manifest, and for the most part generalized increase of 
volume, a consistence more or less firm with yellowish color in places, such has 
been the aspect under which this organ has most frequently presented itself to the 
naked eye. The microscopical examination has revealed to us an increase in the 
number of glandular elements, together with a more or less complete fatty meta 
morphosis. We do not know of any case which gives evidence of a gummy deposit 
in the substance of this gland, but this is perhaps a consequence of the negligence 
with which post-mortem examinations are still too frequently made. The thyroid 
body is none the less frequently enlarged in women affected with syphilis of long 


standing 
Julien’® remarks: 


The body of the thyroid generally escapes (syphilitic) affection, but it has 
been asserted on good authority that it once in a while presents a temporary 
swelling 


l 
l 


2. Wermann Berl. klin. Wehnschr., 1900, xxxvii, 122. 
3. Lang, E.: Jahresb. d. Gesellsch. f. Natur u. Heilk. in Dresden, 1851-52 
(Quoted from Ziemssen: Handbuch der specielle Pathologie und Therapie, Part 
I, iii, 337). 

14. Lancereaux: Traité historique et pratique de la syphilis, 1868, i, 377. 

15. Julien: Traité pratique des maladies vénériennes, 1899, p. 642. 
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Mauriac” says: 


1 have stated frequently that tumefaction of the thyroid gland is common in 
early syphilis. In one case which I have seen, there formed a veritable syphilitic 
goiter which lasted many weeks and became voluminous enough to cause compres 
sion of the trachea and the larynx, producing difficulty of respiration and hoarse 


ness 


Engel-Reimers' reports a series ol observations on 250 Cases of 


{ 


syphilis. Of the 152 female patients, 86 had enlarged thyroids, while o 
the 98 male patients 44 had enlarged thyroids. The enlargement was 
confined to the lateral lobes, the isthmus not being involved. It was 
always a soft, painless swelling, which did not trouble the patients in the 
least, and in most cases would never have been observed excepting for 
the fact that it was searched for. “The swelling appears in the secondary 
incubation period or concomitantly with the first constitutional symp- 
toms. It does not appear to be influenced by antisyphilitic treatment. 
but, like the swelling of the lymph-glands, disappears gradually in the 
course of a year or two.” Engel-Reimers does not state the plan of 
treatment followed and apparently does not consider that the drugs 
administered could have been responsible in any way for the thyroid 
enlargements. He decides, however, that the habitual excitement of 
prostitutes cannot account for al] the cases, although he thinks that such 
persistent overstimulation may cause such swellings to persist when the; 
have once formed. He quotes Lancereaux to the effect that the body of 
the thyroid is frequently voluminous in women who are afflicted with 
syphilis of long standing. 

Moritz Fiirst'* reports the case of a child born with a goiter of con 
siderable size, which he thought was undoubtedly due to syphilis. Th 
father had suffered from this disease, and the mother underwent a course 
of mercurial treatment during her pregnancy, as she had already given 
birth to a still-born syphilitic child. Each lobe of the goiter was as large 
as a walnut. The swelling almost entirely disappeared spontaneously 
within six weeks of birth. No treatment was adopted. 

The latest report which I have seen of swelling of the thvroids in 
early syphilis is that of Low kwood, who discusses a series of five cases 
All of these patients were young women from 16 to 23 years of age. 
They had some enlargement of the thyroid simultaneously with the 
lymphatic enlargement, skin and mucous lesions of secondary syphilis. 


In one case the thyroid was said to be quite soft and uniformly enlarged. 


16. Mauriac: Syphilis primitive et syphilis secondaire, 1890, p. 474 

17. Engel-Reimers: Jahrb. d. Hamburg. Statskrankenanst 1801-92 ii, 
130-436. 

18. Fiirst, Moritz ferl. klin. Wehnschr., 1898, xxv, 1016 
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In this case all symptoms abated, together with the return of the thyroid 
to its usual size, after a month’s treatment with mercury. In no case 
did the swellings cause trouble. 

Lockwood"® says: 

Since we have learned to look for this symptom, it has been frequently 
observed. I have no doubt but that it is of the same nature as the enlargement of 
the lymphatic glands. This is known to be due to vascular engorgement. I have 
several times seen in the post-mortem room that this was so. 

The coexistence of gonorrhea and papillomata with the skin and 
mucous lesions seemed to have no bearing on the enlargement of the 
thy roids. 

From a perusal of the above reports it will be seen that the changes 
in the thyroids in secondary syphilis may be considered, clinically, under 
two headings: (1) cases in which the swelling is hard and more or less 
painful, and (2) those cases in which the swelling is soft and painless, 
causing the patient no discomfort. Whether or not these two groups of 
lesions arise from the same cause, or whether one is due to the iodin 
medication and the other to infection with syphilis, must be decided by a 
fresh series of observations made with special reference to these points. 
From the reports of Seifert and Mendel, from the similarity in the time 
of appearance, lack of response to treatment, and general clinical course 
of these cases and those of other authors, there seems to be some ground 
for the suspicion that Seifert’s diagnosis of thyroiditis iodica may be the 
correct one for at least the first group of cases, possibly for all. Whether 
or not the histological picture given by Lancereaux is the correct one for 
all cases is also a subject for further research. This much seems to be 
settled: that in early secondary syphilis the thyroid glands frequently 
become enlarged ; that sometimes (we cannot say how often) this enlarge- 
ment originates and progresses under potassium iodid; and that such 
swellings either disappear quite rapidly under mercury or fade away in 
the course of a year or two independently of specific treatment. The 
swelling may be hardly noticeable, or so marked as to cause dyspnea and 
hoarseness by pressure on the trachea and larynx. It may become hard 
and painful or remain soft and cause no trouble. In any case, clinically, 
it is distinctly not of a gummatous nature. 

But to return to Mendel’s discussion of undoubted gummata. He 
no references). The 





first reports two cases described by Kuttner (1898 
first of these was that of a woman, 39 years old, who, at 18, had had an 
exanthema and two years later a still-born child. On examination this 
woman was found to have a very hard thyroid as large as a small fist 





19. Lockwood: St. Bartholomew’s Hosp. Rep., 1895, xxi, 232. 
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which interfered with breathing and caused a paralysis of the nervus 
recurrens. It was extirpated under the impression that it was a malig- 
nant growth, but examination showed it to be a gumma, as was also indi- 
cated by the results of iodid treatment for growths which developed later 
in other regions. 

The second case was that of a man, 27 years old. His symptoms were 
similar to those in the preceding case. It was impossible to extirpate 
the growth, so that, after considerable difficulty, a tracheal cannula was 
inserted. A small piece cut from the new growth showed it to consist of 
sclerotic connective tissue with round-cel] infiltration and characteristic 
proliferative processes in the vessels. The growth disappeared in three 
weeks under large doses of iodin. 

Mendel then turns to three new cases. The first, from Professor 
Thiersch’s clinic at Leipsic in 1883, is that of a woman, 38 years old. 
At the age of 12 she noticed a swelling in the neck which, in the last six 
months, had become greatly enlarged. It caused no pain. The swelling 
was the size of a child’s head, situated on the right side of the middle 
line, and hard, irregular and nodular. There was great dyspnea. Trache- 
otomy was performed February 5 and extirpation February 8. Death 
from heart failure occurred February 10. Post-mortem examination 
disclosed amyloid spleen and numerous radiating scars and gummata in 
the liver. The extirpated tumor was 11 cm. long, 10 cm. broad and 9 
em. thick. It was of an irregularly rounded form, varying in places from 
white to pale red to orange yellow in color. It was firm and dry, with 
the consistency of a rubber ball. The tumor included the whole of the 
right lobe of the thyroid. It presented, in section, radiating connective 
tissue strands extending from the periphery inward, with localized areas 
of round-cell infiltration. Near the periphery remnants of thyroid tissue 
could be found as scattered islets of cells and follicles with some colloid. 
An intermediate zone of spindle-shaped and Langhans giant cells could 
be differentiated. The center consisted simply of a structureless mass. 
The blood vessels of the two outer coats showed a typical syphilitic arteri- 
tis. The Langhans giant cells made Mendel suspect tuberculosis, but he 
was able by the absence of tubercle bacilli, the small amount of necrosis 
and the vascularity of the lesions to rule out such a possibility. His 
diagnosis was struma syphilitica. 

In the second case (1892) the patient was a woman, 38 years of age, 
in good health and with two healthy children. In the left lobe of the 
thyroid was a hard, knotty body the size of a hen’s egg. It was attached 
to the left side of the larynx and was connected to the isthmus of the 
thy roid by a hard band. Here its limits could not be definitely deter- 
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mined. The right lobe of the thyroid was somewhat enlarged, but had 
been so for years. The tumor had developed in three months. It was 
painless. A number of practicing physicians and surgeons had advised 
operation, since the hardness and swelling of the glands beneath the 
angle of the jaw suggested a malignant growth. After taking twenty 
grams of potassium iodid the tumor vanished and has never returned. 

The third case (1905) was that of a woman, 63 years of age. She 
had had dysentery and erysipelas, had borne three healthy children, and 
had never aborted. In December, 1904, there developed in the left thy- 
roid lobe, which was already enlarged somewhat, a hard tumor, which 
grew rapidly, causing difliculty in swallowing and breathing, and finally 
necessitating tracheotomy in May, 1905. The esophagus was so much 
involved that only fluids in small amounts could be swallowed. Ali 
physicians consulted diagnosed the case as incurable cancer. When seen 
by Mendel in August, the patient was almost moribund and, in spite of 
the tracheal tube, suffered severe attacks of dyspnea and heart weakness ; 
usually these attacks occurred at night. The neck had a circumference 
of 45 em. and presented a great tumor which reached from one angle of 
the jaw to the other. It surrounded the trachea and larynx and appeared 
to be firmly united with the vertebral column. It was hard, only a little 
roughened, caused no pain, and was not adherent to the skin. The 
glands of the neck were slightly swollen, but did not show the consistency 
of cancerous glands. ‘There was no ulceration on the skin without, or on 
the walls of the food and air-passages within; no signs of metastasis. 
Combined mercury and potassium iodid treatment was instituted. Within 
three weeks the circumference of the neck decreased from 45 to 33 em. 
The tracheal cannula was removed, the wound healed and by the begin 
ning of September the woman was considered cured. About the middle 
of October a hard painful swelling appeared in the region of the left 
obe of the thyroid. This developed rapidly, accompanied by a very 
sensitive swelling of the regional lymph-glands, causing great pain, and 
soon involving the left brachial plexus and practically all the structures 
in the neck. Death followed about the end of November. 

Mende! believes that there was here, first, a struma syphilitica, fol 
lowed, on healing, by a malignant tumor. He considers this a fresh 
demonstration of the malignant transformation of syphilitic scars in 
parenchymatous organs. He cites a case In which a gumma of the liver 
vielded readily to mercury; one year later a new tumor appeared in the 
liver which did not react to mercury and which operation proved to be 


made up of carcinomatous knots in the old syphilitic sears. Too many 


instances are known, however, of transient improvement under iodids, 


























BENJAMIN F. DAVIS Dd 


of symptoms due to malignant growths, to make such improvement have 
much diagnostic significance, so that the nature of his third case must be 
considered as doubtful. 

Mendel makes the following summary of syphilis in the thyroid based 


on his own cases and such literature as was familiar to him: 


Besides the formation of circumscribed gummata, which appear concomitantly 
with viseeral syphilis, there occurs a second form of syphilitic affection of the 
thyroids, which consists of an interstitial proliferation and leads to the formation 
of large, hard, markedly nodular tumors, which, by reason of their consistency, 
may be mistaken for malignant growths. They cause no pain but may lead to 
difficulty in breathing and swallowing. They develop, apparently, only in already 
diseased glands, and are more common in women than in men. Perhaps the iodin 
content of normal glands prevents the localization of the syphilitic virus in them 

Microscopically, struma syphilitica presents an outer zone of connective tissue 
proliferation with degeneration of the parenchyma, and an inner zone of structure 
less material with infiltrating groups of round cells and numerous Langhans giant 
cells. The vessels show characteristic changes leading to necrosis and fibrous 
degeneration. 

( linically, it is necessary to differentiates only between gumma and malignant 
disease, since the course of the disease, the slight tendency to necrosis and thi 
ibsence of tubercle bacilli serve to eliminate tuberculosis. The syphilitic tumor 
may be differentiated from carcinoma or sarcoma by the slow development, abso 
lute painlessness, lack of adherence to overlying skin and the absence of metas 
tasis. The reaction to potassium iodid and mercury clinch the diagnosis and 
should always, in doubtful cases, be resorted to before undertaking to operat: 

Thyroiditis interstitialis syphilitica is probably more common than has been 
supposed hitherto; in most cases it has been considered a malignant tumor and 
either operated on or left alone, or as we might easily suppose, potassium iodid 
treatment has caused improvement before the reai character of the lesion became 
manifest. 

Thursfield*® (1908) reported the case of a waiter, aged 53, who was 
seen Noy. 4, 1907, complaining of a lump in his neck. He had first 
noticed the swelling one month previously. The patient had contracted 
syphilis about thirty vears before and had been treated for six months. 
He had since had various tertiary manifestations which had been cured 
by potassium iodid. He had had repe ated attacks of gonorrhea. The 
patient was a sickly-looking man. There was an oval swelling on the 
right side of the neck, measuring two inches by one inch, the long axis 
pointing obliquely outward and upward, The lower and inner end lay 
in the suprasternal notch, while the outer and upper extremity lay about 
an inch above the clavicle, but behind the posterior border of the sterno 
mastoid muscle. The carotid artery lay behind and to the outer side. 
The skin over the tumor was natural. There was no difference in tem- 
perature on the two sides of the neck. The tumor was hard and solid 
with a smooth surface and rounded margin. It was painless and did not 


20. Thursfield: Brit. Med. Jour., 1908, i, 147 
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pulsate. It was adherent neither to the skin nor to the sternomastoid, 
but moved freely on swallowing and was clearly a part of the right lobe 
of the thyroid gland. The patient was ordered a mixture containing 
potassium iodid and ammonia carbonate. In a fortnight the swelling 
was reduced to half its size and in a month it could no longer be felt. 
The diagnosis was gumma of the thyroid. 

The Museum of the Royal College of Surgeons of England contains 
a specimen of gummatous inflammation of the thyroid gland, which is 
deseribed in the catalogue in the following words :** 

Base of tongue, larynx and thyroid gland showing gummatous infiltration of 
the thyroid. The sternothyroid muscle is matted to the left lobe of the thyroid, 
which on section has a white fibrous appearance near the periphery, while the 
center more nearly resembles normal thyroid tissue. The upper end of the 
trachea is distinctly stenosed, and it, as well as the base of the tongue, shows the 
effect of past ulceration. Microscopic sections showed a fibrous tissue richly 
studded with nuclei. From a woman, about 60, who was brought into Guy’s Hos- 
pital dead. There were gummata in the liver. 

Richardson** quotes Abraham as having reported “three cases of 
women who developed exophthalmic goiter, the first five months after 
the primary lesion, the second during the height of the secondary infec- 
tion, and the third two years after infection, all of whom were cured by 
antisyphilitic treatment.” Richardson also says that Faisans and Audi- 
stere “reported a case with both gonorrheal and syphilitic infection, who 
developed a pseudomyxedema in which the myxedematous symptoms 
were not affected by mercurial treatment, but disappeared under thyroid 
feeding.” One can hardly accept this case as a definitely proved syphili- 
tic affection of the thyroid. No statements are made regarding the pres- 
ence or absence of changes in the size or consistency of the thyroid glands 
such as would be expected were the thyroid affection of a syphilitic 
nature. 

Gombault** described a tumor-like growth which arose in the thyroid 
gland and spread to the neighboring lymph-glands and connective tissue 
by continuity of tissue. It was adherent to the trachea. There was no 
history of chancre or mucous patches, but there had been an interstitial 
keratitis, and tibial periostoses were present. These latter findings were 
thought to represent late manifestations of hereditary syphilis. The age 
and sex of the patient was not given. There was no pulmonary tubercu- 
losis. Histologically, the mass presented a caseous center surrounded by 





21. Power and Murphy: A System of Syphilis, 1908, ii, 169. 

22. Richardson: The Thyroid and Parathyroid Glands, 1905, ed. 1, Phila., 
1905, J. Blakiston & Co. 
23. Barth and Gombault: Progrés Méd., 1884, xii, 834. 
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a thick wall of connective tissue in which were a large number of embry- 
onic connective-tissue cells and a few giant cells. There was a marked 
arteritis obliterans. No typical tubercles were found. Repeated attempts 
to demonstrate tuber: le bacilli by various staining methods failed. The 
lesion was diagnosed as syphilitic, and this diagnosis was concurred in 
by Cornil. 

PRESENT CASE 

The case which I have to report came to Dr. H. Gideon Wells for autopsy at 
the Cook County Hospital, Jan. 19, 1909. The history was to the effect that the 
patient entered the Cook County Hospital, Jan. 10, 1909, in the service of Dr. 
Beck, complaining of hoarseness, great inspiratory dyspnea and pain on swallow 
ing. The trouble had appeared four months previously, when the patient de 
veloped the above symptoms. This condition was constant and was subject to 
exacerbations at rather frequent intervals, in which the dyspnea was so great that 
the patient became cyanosed. Hoarseness was marked. There was history of 
syphilis five years previously; the patient had never suffered from any other seri- 
ous illness. Examination of the larynx disclosed a paralysis of the adductor 
muscles. The neck was somewhat tender in the region of the thyroid cartilage; 
otherwise negative. 

Tracheotomy was performed under local anesthesia, Jan. 18, 1909, and a tube 
inserted with no relief to the patient; death followed about twelve hours later. 

The autopsy disclosed the following lesions: Recent tracheotomy wounds; 
blood in trachea and bronchi; gummatous perichondritis of the right thyroid 
cartilage, with partial stenosis of the larynx; edema of the aryteno-epiglottidean 
fold; enlargement of the cervical lymph glands; gumma of the dura mater with 
old intracranial hemorrhage and compression of the right parietal and occipital 
lobes; chronic healing tuberculosis of the apices of both lungs; gummatous infil- 
tration of the right lobe of the thyroid, and operative injury of the isthmus of the 
thyroid; left adhesive pleuritis; radiating atrophic scars in the skin of the fore 
head and penis. 

The epiglottis showed no gross changes. The epiglottidean folds were swollen, 
especially the left, which was markedly edematous and had a gelatinous appear- 
ance. The orifice of the larynx was slit-like and the cords did not open as easily 
as normal. The edematous mucous membrane of the ventricles of the larynx filled 
up the entire ventricular space. There was connective tissue induration on the 
right side of the thyroid cartilage with thickening of the cartilage and adjacent 
tissues to about four centimeters. This included a solid tumor-like mass 2 em. 
thick on the outer side of the cartilage, composed of translucent but firm fibrous 
tissue, in the center of which was a more opaque white area. There was no ulcer- 
ation in the larynx. The left vocal cord could be pushed away from the median 
line easily, while the right could not on account of a thickening on the inner sur 
face of the thyroid cartilage similar to that on the outer surface, which reached 
to the median line. There was a thickening of tissue at the site of the right lobe 
of the thyroid gland. The gland was larger than normal, weighing 60 gm. The 
enlargement was uniform and diffuse. The posterior capsule was dense and 
translucent on the right side. The upper end of the right lobe was entirely 
replaced by diffuse, homogeneous fibrous tissue, continuous with the perichon- 
drial thickening. Deeper in the gland were found a few small, white nodules. The 
left lobe showed no changed areas but was slightly larger than normal. 

Closer examination of the specimens preserved in Kaiserling’s solution con 
firms the findings made at autopsy. The right lobe of the thyroid is about 7 em 
in greatest length, 5 cm. in width, and 2.5 em. in thickness. Its external surface 
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is fairly smooth. The cut surface shows an area 1.5 cm. to 2 em. in diameter 
occupying the posterior medial portion of the upper pole of the gland. It presents 
an outer zone 3 mm, to 5 mm. in thickness, of a clear, homogeneous, semitrans- 
parent appearance, and a central area 7 mm. to 10 mm. in diameter, of an opaque, 
whitish material. The outer zone is continuous with connective tissue septa 
which run irregularly throughout the gland, dividing it into lobules of irregular 
size but of a somewhat oval shape. About 1 em. from the inferior extremity of 
the gland is another area of hyaline-like material, 5 mm. to 7 mm. in diameter. 
It, also, is continuous with quite heavy strands of connective tissue which radiate 
out into the gland. These septa converge with those from the upper pole at a 
thick-walled blood-vessel 1.5 mm. in cross-section, situated about the middle of 
the anterior surface of the thyroid, forming there a third area of clear, homo 
geneous connective tissue with a markedly irregular outline. 

Turning to the medial side of the right lobe we find that the tissue described in 
the posterior medial portion of the upper pole extends clear to the surface, and 
was apparently in very close apposition, if not directly continuous, with the peri- 
chondrial thickening of the right thyroid and ericoid cartilages. 

lhe left lobe of the thyroid is 7 em. in length, 3.5 em. in width, and 3 em. in 
greatest thickness. About 1 em. from the tip of the inferior pole on the cut sur- 
face is a nodule 5 mm. in diameter, which has the appearance of colloid. Above 
this and more anteriorly is a small spicule of whitish material with the consist 
ency of cartilage. The left lobe is otherwise normal. 

The growth on the right side of the larynx is triangular in outline, its base 
following a line from the superior tubercle of the thyroid cartilage to a point a 
little below the tip of the inferior cornu. The two sides of this triangle converge 
to a blunt point at the apex of the anterior arch of the cricoid cartilage. The dis- 
tance from apex to base is 4 em., while the base line has a length of 4 cm. The 
thickness of the growth gradually increases from the base to a point a short dis- 
tance back of the apex, where it is equal to about 1 em. The cut surface presents 
an appearance similar to that described for the largest nodule in the right lobe of 
the thyroid, namely, an outer zone of a translucent, hyaline material, and an inner 
or central region of denser, more opaque, whitish tissue. It is directly opposed 
to the surface of the cartilages of the larynx, from which it ean be rather easily 
peeled, leaving a smooth white surface. 

The growth on the inner side of the cartilages shows no peculiarities not 
already brought out in the foregoing description. 

For microscopical examination tissues were fixed in Zenker’s fluid, and im- 
bedded in celloidin. Sections were stained with hematoxylin and eosin. 

Under the microscope, the left lobe of the thyroid appears to be poor in colloid 
but is otherwise normal. The right lobe shows a general increase in the perifol 
licular connective tissue, and in addition, a considerable area in which no thyroid 
cells can be made out. This area is, in the main, rather sharply marked off from 
the gland cells, but places are not difficult to find where no line of demarcation 
exists, the two tissues merging into each other. Thickened strands of perifol 
licular connective tissues are directly continuous with this new growth. The 
foreign tissue may be divided into an outer and an inner zone. The outer zone 
that which borders on and sometimes infiltrates thyroid tissue—is roughly semi 
circular in shape, is fairly thick, and consists to a considerable extent of large 
spindle-shaped cells lying in a myxomatous matrix. Occasionally a few large 
stellate and epithelioid cells are found and once in a while small groups of lymphoid 
cells occur. Several small atypical giant cells, containing three or four centrally 
placed nuclei, are present, as well as a few giant cells of the Langhans type. In 





many areas the proportion of matrix to cells is fairly large. The inner zone of 
this tissue, which is irreguar in outline, consists of a network of fibrin-like threads 
—neerotic material—in which an occasional large spindle, stellate or endothelial 
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tike cell has become entangled. The contrast between these two areas is marked 
though they shade over into each other at their line of contact. In some sections 
the spindle-celled and round-celled tissue, assuming more of a round-celled type, 
can be seen to invade the interstitial tissue of bands of striated muscle. The proce 
ess also appears to have invaded the periglandular fat tissue. In a few places one 
sees localized areas of connective tissue proliferation, composed of a central por 
tion of epithelioid cells and a peripheral portion of lymphoid cells. These areas 
are small and occur in and near the margin of the region of foreign cells. Some 
times they consist entirely of round cells, which predominate largely in every case 
Occasionally one of these areas possesses a necrotic center. In this lobe of the 
thyroid there is marked arteriosclerosis with calcification—a condition which is 
not present in the other lobe. The new tissue growth is quite vascula: All the 
vessels show marked proliferation and thickening of their walls, sometimes 
almost to the extent of total occlusion. 

The chief effects on the thyroid tissue are apparently the results of pressure 
only, the proliferating tissue confining itself to the interfollicular regions 

The diagnosis is gumma of the thyroid gland, probably primary in the peri 
chondrium of the cartilages of the larynx and secondarily invading the right 
thyroid body by direct contiguity of tissue. 


SUMMARY 

Twenty cases of gumma of the thyroid have been described. Eight 
of these—3 by Abraham, 2 by Mendel, 1 each by Kohler, Pospelow, and 
Thursfield—were diagnosed only clinically, without any definite ana 
tomic proof of their syphilitic origin; 3 cases—2 of Mendel’s and that of 
Clarke—were diagnosed both clinically and histologically; 8 cases 
Demme’s 3, the case in the Museum of the Royal College of Surgeons 
and 1 each by Barth and Gombault, Mendel, Fraenkel and Dayis—were 
diagnosed histologically. Of the other cases, that of Navrital was prob- 
ably diagnosed clinically—it is specifically stated that histological exami- 
nation was not made. The basis for the diagnosis of Wagner’s cases 
number unknown—cannot be stated. It appears, then, that, as far as we 
can learn, this is the first case of tertiary syphilis of the thyroid gland 
the diagnosis being confirmed by the anatomical findings—to be reported 
in American literature; the third reported in the English language, and 
the eleventh in the entire medical literature. These figures afford ample 
evidence of the great infrequency of definite syphilitic lesions in the 
thyroid. 

In gummata of the thyroid the histological findings are identical with 
gummata in general. Clinically, as Mendel*! has pointed out, the syphi- 
litic tumor is almost painless, is not adherent to the overlying skin, but 
may be firmly adherent to the trachea and larynx and even to the verte 
bral column, and does not produce metastasis. It usually is small, but 
may reach a large size. History of syphilis is suggestive, while the reac- 


tion to iodid of potassium and mercury is decisive for diagnosis. The 


growth may occur at any age. It may ulcerate, may cause severe dyspnea 
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THE PECULIARITIES OF NITROGENOUS METABOLISM IN 
PERNICIOUS VOMITING OF PREGNANCY * 


FRANK P. UNDERHILL 
AND 
RICHARD F. RAND, M.D 


NEW HAVEN 


rHE CLINICAL PICTURE PRESENTED BY PERNICIOUS VOMITING O} 
PREGNANCY 
According to the classification of Williams,’ pernicious vomiting ol 


pregnancy may be of two types, one acute, the other chronic. In the acute 


form death may result within a relatively short period of time. The 


patient, who has been apparently a normal pregnant woman, suffering 


from what appeared to be the ordinary “morning sickness,” suddenly 


begins to vomit all food. This symptom is soon followed by signs of 


prostration, unaccompanied by an increased pulse-rate or rise of tempera 
ture. After this condition has been maintained for a number of days 
considerable quantities of a coffee-ground-like material may be vomited at 
frequent intervals. The patient soon passes into a torpid state, leading 
to coma and resulting in death. ‘This type of vomiting is not necessarily 
associated with great emaciation. The urine, which is apparently normal 
during the first days of pregnancy, later assumes an abnormal composi- 
tion, since albumin, blood and various types of casts may be present. The 
temperature may or may not be significantly increased. In the last few 
days before death the conjunctive may present an icteric discoloration, 


or a decided icterus may be present, although its occurrence is rare. 


* From the Sheffield Laboratory of Physiological Chemistry, Yale University, 
and from the Obstetrical Service of New Haven Hospital. 

‘For the views expressed in the main portion of this paper F. P. Underhill 
is responsible. The clinical report has been rendered by Dr. R. F. Rand. We 
desire to express our obligations to Dr. Otto G. Ramsay, Professor of Obstetrics 
and Gynecology in the Yale Medical School, for his kindness in placing at our 
disposal the cases reported, which occurred in his service at the New Haven Hos 
pital. We are also deeply indebted to Prof. Lafayette B. Mendel for criticism of 
the manuscript and to Mr. W. C. Rose, Assistant in Physiological Chemistry in 
the Sheffield Scientific School, for a large portion of the urinary analyses 
recorded. ; ; 

1. Williams, J. W.: Pernicious Vomiting of Pregnancy; Abstract of Autopsy 
Protocol by H. T. Marshall, Johns Hopkins Hosp. Bull., 1906, xvii, 71. ; 
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Vomiting of the chronic type may continue over a very long period, 
during which extreme emaciation may occur, owing to the diminished 
intake or complete lack of food. The pulse-rate slowly increases, but 
fever is usually absent. Not until just before death does the dark vomitus 
characteristic of the acute type of vomiting appear. The patient is gen- 
erally conscious until shortly before death. 

PHEORIES AS TO THE ETIOLOGY OF PERNICIOUS VOMITING OF PREGNANCY 

The presence of unknown toxic principles elaborated within the 
organism of the pregnant woman is supposed to be the underlying cause 
of pernicious vomiting. From a survey of the mass of literature relating 
to the subject, it is apparent that these hypothetical substances may orig- 
inate from at least four sources, namely, the gastro-enteric tract, the fetus, 
an ovarian secretion, and hepatic lesions. The foundation for the theory 
of the gastro-enteric origin of the toxic bodies was laid by Dirmoser,? who 
demonstrated an increased output of the products of intestinal putrefac- 
tion, indol derivatives, ete., in the urine of women with pernicious vomit- 
Ing According to his view, the presence of these substances in the blood 
is sufficient to induce neurosis and vomiting results. 

According to Veit the fetal metabolic produc ts finding their way into 
the maternal blood may cause certain cytolytic changes of a nature to 
produce lesions in the maternal organs and hemolysis of the blood. The 
ovary as a source of poisonous compounds is assumed to elaborate an 
abnormal secretion, or else the normal secretion may be suppressed. 

The theory that hepatic lesions are responsible for the abnormal con- 
dition under discussion is based on numerous autopsy reports. According 
to the investigations of Stone* and Ewing, the liver in these cases pre- 
sents the lesions observed in acute yellow atrophy; the entire central 
portion of each lobule undergoes complete necrosis, while the periphery 
shows signs of fatty degeneration, and only a few cells remain perfectly 
normal. Some of the adherents of this theory, notably Ewing, maintain 
that pernicious vomiting, acute vellow atrophy and eclampsia are essen- 
tially one and the same disease. 

THE COMPOSITION OF THE URINE IN PERNICIOUS VOMITING OF PREGNANCY 


The perfecting by Folin® of exact and relatively simple methods for 


the determination of the principal constituents of urine has made possi- 


2. Dirmoser, E Ein weiterer Beitrag zur Autointoxikationstheorie bei Hyper 
emesie gravidarum, Wien. klin. Wehnschr., 1903, xvi, 405. 


3. Veit and Scholten: Ztsehr. f. Geburtsh. u. Gyniik., 1903, xlix, 210. (Cited 


from Williams 
4. Stone Am. Gvynee., 1905, iii, SIS 
5. Ewing Am. Jour. Obst... 1905. li, 145 
6. Folin Am. Jour. Phvysiol., 1905, xiii, 45 














FP. P. UNDERHILL—R. F. RAND 6: 


ble the application of trustworthy methods to the field of pathological 
research on this secretion. The possibility of the demonstration of parti 

ular types of abnormal processes through a study of the urine has thus 
been greatly enhanced. 

The first application of these newer methods to a study of the urine 
in pernicious vomiting was made by Stone.* As a result of his investiga 
tion the conclusion was drawn that in pernicious vomiting of pregnancy 
hepatic lesions pervert the metabolic processes in such a manner that 
various unoxidized nitrogenous compounds are eliminated instead of urea, 
which may in themselves exert a more or less toxic influence. The pres 
ence of leucin and tyrosin in the urine, together with a greatly dimin 
ished percentage of urea nitrogen and an augmented amino-acid-nitrogen 
ratio, was offered as proof of the correctness of Stone’s conclusions. Only 
in fatal cases was the ammonia-nitrogen ratio disturbed. 

Williams! selected the ammonia-nitrogen ratio as a means of diagno 
sis 1n pernicious vomiting, and on the basis of results derived from the 
determination of this urinary constituent, has divided vomiting of preg- 
nancy into three classes, namely, (a) neurotic, (b) reflex, (c) toxemic. 
It is only in the last type that urinary analysis offers any evidence of 
noticeable metabolic disturbances. Here the characteristic feature to be 
observed in the urine is a marked decrease in the amount of nitrogen 
excreted as urea and a large increase of the nitrogen eliminated as 
ammonia. Indeed, the latter urinary compound may constitute about 
half of the total nitrogen excreted in the urine. Williams failed to detect 
acetone, diacetic acid, oxybutyric acid and allied substances, and in thi 
urines of the two cases examined leucin and tyrosin were absent. 

The research of Ewing and Wolf,’ in which nearly all the nitrogenous 
constituents of the urine were estimated, led to the conclusion that in 

f 


toxemic vomiting of pregnancy the chief features of urinary analysis are 


low urea, high amido or undetermined nitrogen, and usually high 
ammonia excretion. According to their view, emphasis should be given 
to the high undetermined nitrogen faction as indicative of deficient 
desamidation on the part of the hepatic cells, although they frankly admit 
that attempts to identify certain crystals obtained in the urine in their 


cases as leucin were unsuccessful. 


7. Stone Fetal Manifestations of the Toxemia of Pregnane Med. Reeord 
New York, 1905, Ixviii, 295 


8. Ewing and Wolf: Am. Jour. Obst., 1907, Iv, 289 
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4 PERNICIOUS VOMITING OF PREGNANCY 


\ COMPARISON OF THE URINARY PICTURES PRESENTED BY PERNICIOUS 
VOMITING AND INANITION 

In pernicious vomiting of pregnancy the influence of inanition on 
the composition of the urine should be considered as a factor of para- 
mount importance, since the two conditions many times exist together. 
If abstinence from food be continued sufficiently long the urine presents 
some striking similarities to that at times excreted in pernicious vomiting. 
In both pernicious vomiting and starvation the nitrogenous metabolism 


is generally somewhat decreased as indicated by the excreted nitrogen. 


There may be a diminution in the relative output of urea and an increase in 


the elimination of ammonia. The creatinin and uric-acid values apparently 
are not greatly deflected from the normal, or else show such irregularities 
that attempts to correlate them with the other urinary nitrogenous com- 
ponents have proved of little value. Acetone, diacetic acid and oxybutyric 
acid may be present in relatively large quantities in the urine of both 
pernicious vomiting and inanition, although, according to Williams,° 
“acetone, diacetic acid, oxybutyrie acid and allied substances were not 
found in the urine” of patients with toxemic vomiting. “The chief dis- 
tinctions (between the urine in pernicious vomiting and inanition) are 
the inconstancy of acidosis, the occurrence of high total ammonia without 
acidosis, and the high proportion of amido-acid nitrogen,”’® all applving 
to pernicious vomiting. The observation of Stone that leucin and tyrosin 
are present in the urine of pernicious vomiting does not hold true for 


the urine in starvation. 


SOME CONSIDERATIONS SUGGESTED FROM A REVIEW OF RECENT LITERATUR! 
ON PERNICIOUS VOMITING 

Leucin and Tyrosin.— From a critical survey of the more recent liter- 

ature relating to pernicious vomiting of pregnancy, several points of 

interest presented themselves. In the article by Stone’ it is reported that 

leucin and tyrosin were recognized in the urine in several cases. From 

Case 1, Group A, the following figures are taken. For comparison, 


“normal” figures are also given. 


Stone “Normal” (Folin"). 
Total N 6.2 6.1 
Urea N - 72.2 76.2 
NH, N ‘<d« Bae 4.2 
Amino-acid N 1.4 10.6 


%. Williams: Johns Hopkins Hosp. Bull., 1906, xvii, 79. 


10. Ewing, James: Acidosis and Associated Conditions: Il. Clinical Types of 
Acidosis, THE ARCHIVES INT. MED., 1908, ii, 485. 
ll. Folin, O.: Am. Jour. Physiol., 1905, xiii, 70. 
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In this urine leucin and tyrosin were reported present. Yet from 
an inspection of the nitrogen partition just given, it is hard to conceive 
how so low a figure as 1.4 per cent. of the total nitrogen will account for 
the undetermined nitrogen normally present in urine, which alone is 
usually much higher than this (see “normal” figures), and also for th 
nitrogen contained in the leucin and tyrosin, which were present in suffi 
cient quantities to crystallize. In view of these figures, and from the 
fact that only the characteristic color and shape of the crystals obtained 


by the lead method are offered as evidence of the presence of leucin and 


¢ 


tyrosin in these urines, it is apparent that the occurrence of these com- 


pounds in the urine of pernicious vomiting is not firmly established. On¢ 


is still more unconvinced since these same substances were reported 
present in cases that were not serious. Furthermore, it is of interest to 
note the following, quoted from a paper published later by Ewing and 
Wolf :"? 

We have spent much time and labor in attempting to determine the presence 
and severity of toxemia by the abundance of crystals resembling leucin obtained 
by the lead method. Although we have been unable to identify these crystals as 
leucin, and think that in many cases they are chiefly urates, it is nevertheless 
true that they are extremely abundant in cases of acute yellow atrophy and 
eclampsia, and their numbers bear a close relation to the severity of the symptoms 
in nearly all cases of toxemia. 

Until some evidence is offered more convincing than the above, how- 
ever, the presence of leucin and tyrosin in the urine in pernicious vomit 
ing of pregnancy cannot be said to have been established. 

Amino Acid Nitrogen.—In an article by Edgar’* on the urine in per 
nicious vomiting are given the results obtained from a more complete 
determination of the urinary components. Comparison is also made of 
the urine in normal pregnancy. ‘The undetermined nitrogen in non-toxic 
pregnancies varied between 8 and 18.5 per cent. of the total nitrogen. 
On the other hand, in only one case of toxemic pregnancy is the percent- 
age of undetermined nitrogen higher, and in this instance the difference 
is small. In the pre-eclamptic cases reported by Edgar there are only 
two instances in which the percentage of undetermined nitrogen exceeded 
that found by him for the normal pregnant woman. The ammonia nitro 
gen percentage was never high, nor was the urea lower than what might 
be possible for the normal urine. Since creatinin and uric-acid nitrogen 
figures were not uniformly given, it is assumed that the undetermined 
nitrogen was estimated by the Pfaundler’* method. It is to-day well 


12. Ewing and Wolf: Am. Jour. Obst., 1907, lv, 312. 


13. Edgar, J. C.: New York Med. Jour., 1906, Ixxxiii, 897 


14. Pfaundler: Ztschr. f. physiol. Chem., 1900, xxx, 75. 
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66 PERNICIOUS VOMITING OF PREGNANCY 


recognized that the Pfaundler procedure is of questionable’® value as a 


means of estimating “amino-acid” or undetermined nitrogen in the urine. 
According to its author,™* a portion of the creatinin and hippuric acid is 
to be included in this fraction. Even with due appreciation of the limi- 
tations of such a method, it is obvious that results obtained by it should 
not form the foundation for a diagnostic measure nor influence thi 
obstetrician in his treatment of the disorder of pregnancy under discus- 
sion. 

Ewing and Wolf employed the same method for undetermined nitro- 
gen in a number of cases, and in these instances the conclusions which 
have been drawn are, therefore, not to be considered as firmly established. 
In a personal communication to one of us (Underhill) Dr. Ewing has 
freely admitted the inaccuracy of the method, and has intimated that the 
results obtained by it must be interpreted with full knowledge of its 
inaccuracies. In the paper by Ewing and Wolf a relatively large number 
of apparent arithmetical errors may be noticed, which, however, Dr. 
Ewing assures us, are mainly of typographical origin. Nevertheless, their 


presence interferes greatly with the interpretation of the data submitted, 
since one is uncertain whether a specific error is merely typographical, or 
whether the discrepancy remains unexplained. Aside from these apparent 
errors, however, there are a few instances in which criticism of the data 
given can be fairly applied. For example, in Case 8, partially reproduced 
in Table 1, on February 24 the sum of the various forms of nitrogen 
determined amounts to 98.6 per cent. of the total nitrogen. The nitrogen 
contained in the form of creatinin and uric acid which was not included 
in the analysis of that day, would surely amount to more than 1.4 per 
cent., even though one takes for one’s criterion Ewing and Wolf’s own 
gures for these substances. In the same case, on March 1, the total 
nitrogen determined adds up to 100.9 per cent. of the total nitrogen 
without any consideration of creatinin and uric-acid nitrogen. On the 
other hand, on July 29, only 75.65 per cent. of the total nitrogen is 
accounted for, nor can it be assumed that the deficiency could be entirels 
eradicated by making allowance for the forms of nitrogen which were 
not estimated. These considerations enable one to realize how littk 
dependence is to be placed on results for undetermined nitrogen obtaine 


by the Pfaundler method. Even were it assumed that the figures for the 


undetermined nitrogen were accurate, it is difficult to understand how in 
Case 8, on February 24 or March 1. there is anv evidence of deficient 
15. Folin, O \n Jour. Phvsiol.. 1905. xiii. 03. where literature on the sub- 
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desamidation, since on these davs the sum of the percentages of urea 
nitrogen and ammonia nitrogen is 84.6 and 84.9. respectively, which is 
practically normal when compared with corresponding figures for total 
nitrogen in Folin’s tables. (See Table 1. in which comparative figures 
are given.) ‘The same argument will apply with equal force to a case of 


toxemia of pregnancy published later by Ewing." (See Table 4.) In 
no single instance throughout the entire course of the observation is there 


any evidence of deficient desamidation. The highest percentage of undeter 
mined nitrogen attained was 22.7. but to this urine the following 
appended: “Uric acid uncertain.” Referring again to Case 8, there is 


I 


only one instance in which deficient desamidation could be possible, that 


is, on July 29, when the sum of the urea nitrogen and ammonia nitrogen 


rABLE 1 COMPARISON OF DATA FROM EWING AND WOLF FOR TOXEMIA 
OF PREGNANCY AND FROM FOLIN FOR NORMAL MEN 


Urea 

ind A Am ( Ur Und 
I il N 1 Urea N monia atinin \ | mined 

Cas Date Gm N N N N N 
Case 8 * 2/24/05 6.24 S44 72.2 12.4 14.0 
Case 8 1/05 6.00 S4.0 SO.0 9 16.0 
Case 8 7/29/05 68.41 63.1 1 7.24 
Dr. E. v. 8 1s 6.1 SO.4 76.2 4.2 i 20 10.6 
Dr. Aug. H 7/4 5.9 81.7 76.0 5.7 Ss.) 1.6 8.7 
Dr. Aug. H 7/6 35 67 57.9 0.4 13.6 3.7 15.4 


* Ewing and Wolf: Am. Jour. Obst., 1907, Iv, 318 
+ Folin: Am. Jour, Physio 1905, xiii, 70 
Folin: Am, Jour. Physiol., 1905, xiii, 70 


amounted to only 68.41 per cent. of the total nitrogen, but on this day 
the undetermined nitrogen was low. Dr. Ewing, in his communication 
to us, has written as follows: 

Granting that the 1905 cases (of which Case 8, just considered, was one are 
not fully valid to-day, I must point out that the later cases in which we deter 


mined five substances offer evidence justifving the veneral conclusions of our 


studies 


In this we fail to agree with him, for in Case 7 (see Table 2), although 
on March 1 and March 3, 1906, the undetermined nitrogen is high, we 
cannot see where deficient desamidation can possibly play a réle, since 
the sum of the urea nitrogen and ammonia nitrogen is as nearly the 


{ 


normal figure as is usually obtained for a comparable output of total 


16. Ewing, |] fue Arcuives Int. Mep., 1908, ii, 484 
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nitrogen. (See Table 2, in which the percentages in Case 7 of Ewing and 
Wolf are compared with percentages taken from Folin’s tables for com- 
parable nitrogen excretion.) There are plenty of other instances in the 
work of Ewing and Wolf in which the same argument will hold, but the 
above example will suffice. 

Normal Urinary Standards.—It is the opinion of the writer of this 
portion of this paper that the principle of pronouncing any specific case 
of metabolism abnormal, merely from a consideration of the percentages 
of its nitrogenous constituents, is fundamentally incorrect: and even 
though these ratios are compared with the so-called normal ratios for a 
given output of nitrogen, great caution should be observed in the interpre- 
tation of the results. Comparison of percentages with normal percentages, 


even when consideration is made of the total nitrogen output, carries with 


TABLE 2.—COMPARISON OF DATA FROM EWING AND WOLF FOR TOXEMIA 
OF PREGNANCY AND FROM FOLIN FOR NORMAL MEN 


Urea 
and Am Am- Cre Uric Undeter- 
Total N monia Urea N. monia atinin Acid mined 
Case Date Gm N N N. XZ N. N. 

Case 7* . 3/ 1/06 12.5 85.2 71.0 14.2 1.1 0.9 12.6 
Case 7 .. 3/ 1/06 8.8 82.8 67.5 15.3 1.9 2.2 13.1 
Case 7 .. 3/ 5/06 9.1 89.6 78.2 11.4 _ a. 1.6 6.6 
Dr. H. B. H.7... 3/16 12.6 85.8 83.3 2.5 5.7 1.9 6.6 
Dr. E. 8. A so a aes 8.6 84.0 777 6.3 5.0 0.8 10.2 
De. BH. B. H.§... 7/21/.. 9.1 85.0 78.8 6.2 6.9 me | 6.4 


* Ewing and Wolf: Am. Jour. Obst., 1907, Iv, 318 

+ Folin: Am. Jour. Physiol., 1905, xiii, 108 
Folin: Am, Jour, Physiol., 1905, xiii, 78. 

§ Folin: Am. Jour. Physiol., 1905, xili, 76. 


it certain assumptions, as, for instance, that every individual organism 
behaves in almost exactly the same fashion, a hypothesis that is mani- 
festly incorrect. Furthermore, on this basis, it must be assumed that 
certain specific constituents of the urine are always normally eliminated 
in a fixed proportion to the total nitrogen. If we take ammonia as a 
specific example, the answer to this has been well expressed by Folin :"* 

With pronounced diminution in the protein metabolism (as shown by the total 
nitrogen in the urine), there is usually, but not always, and therefore, not neces 
sarily, a decrease, in the absolute quantity of ammonia eliminated. A pronounced 
reduction of the total nitrogen is, however, always accompanied by a relative 
increase in the ammonia nitrogen, provided that the food is not such as to yield 
an alkaline ash. 


17. Folin, O.: Am. Jour. Physiol., 1905, xiii, 92. 
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In other words, the ammonia output does not necessarily bear a fixed 
relationship to the output of total nitrogen, nor is there a fixed standard 
for its elimination. Folin has also called particular attention to the 
variations which may be found in the output of ammonia nitrogen in 
different individuals, even when on essentially the same diet. 

A good example of the fallacy of measuring any urine by a so-called 
normal standard, which is especially true from the standpoint of per 
centages, is shown in Table 3 for urea nitrogen and undetermined nitro- 
gen. The figures'® are taken from Folin’s work. 

It will be noted, first of all, that these analyses show the same output 
of total nitrogen (the diet was prac tically identical), and yet observe the 
absolute and percentage differences with regard to urea nitrogen and 
undetermined nitrogen. Is 66 per cent. of the total nitrogen excreted as urea 
in the one case as against 79 per cent. in the other to be considered as 
evidence of abnormality? Manifestly not; it merely illustrates the varia- 


TABLE 3 UREA NITROGEN AND UNDETERMINED NITROGEN IN NORMAL 
SUBJECTS 





E EA 
2 = - y Es 2&4 
Subject aA ¢ vy 5¢ if 4 Y. Ee es 
=< ££ = ¢ sf w $222 3 
s 2 = & FB ~ = & = > = ~ 
_ of a © _ - - Zz . 0 = - 
Oh Mis awastexeneeaeane Be ae 2/0.40/0.49)0.08 0.19) 79.7|7.6/87.3) 7.6)1.4) 3.7 
9 eS a 7/18(|5.: |0.47/0.58 0.09 | 0.63 | 66.4/9.0|)75.4/11.6,1.7,11.9 
* Folin: Am. Jour. Physiol., 1905, xiii, 78 
+ Folin: Am. Jour. Physiol., 1905, xiii, 76 


tions which may occur in the metabolism of different individuals, even 
when on an identical diet. Again: Is the fact that in one case the unde 
termined nitrogen is three times greater than in the other to be taken 
as an indication of pathological processes, i. e., for instance as an evidence 
of deficient desamidation? ‘These differences are merely indications of 
the variation which may occur in normal metabolism, and they emphasize 
fully the need of caution in the interpretation of results obtained from 
analyses of the urine of persons in a diseased condition. Furthermore, a 
low urea nitrogen content, whether absolute or relative, is not, sufficient 
evidence to indicate abnormality in intermediary processes, for instance, 
as indicative of suboxidation or deficient desamidation. In any such 


18. In the original table three arithmetical errors occur in the calculation of 
the percentages for urea nitrogen and undetermined nitrogen. On our calling Dr 
Folin’s attention to these errors, he has given us permission to make the necessary 
corrections in this instance, and in an article on nitrogenous metabolism soon to 
be published by him, he will indicate certain other errors which have crept into 
the tables published by him in the American Journal of Physiology, 1905, xiii, 45 
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consideration of the urea nitrogen output the excretion of ammonia nitro- 
ven must always be included, since the line of metabolism leading to urea 
formation is so intimately associated with the line leading to ammonia 
excretion that conclusions drawn from urea nitrogen elimination alone 
are extremely likely to be erroneous. Thus, if we compare the sum of 
urea nitrogen and ammonia nitrogen reported by Ewing and Wolf for 
“toxemia characterized chiefly by vomiting,” with similar figures of 
Folin for approximately the same elimination of nitrogen, it will be 
observed that there is not a single instance in which there is as great 
a difference as was shown in the table above to be within normal limits. 
In other words, the ammonia nitrogen output fully compensated for any 
apparent lowering of the urea nitrogen output. Indeed, they conclude 
that “the chief feature of the urinary analyses (in toxemia of pregnancy) 
are low urea, high amido-nitrogen or undetermined nitrogen, and usually 
high ammonia excretion.’® 

Scrutiny of the results of another case,"* partially reproduced in 
Table 4, reported by Ewing, reveals the same thing, namely, that accord- 
ing to the value of urea nitrogen plus ammonia nitrogen, there is no 
evidence of deficient desamidation except on two days, July 18 and 29. 
On July 18, however, less than 83 per cent. of the total nitrogen is 
accounted for, and the difference of July 29 is probably due to decompo- 
sition of the urine, since on this day the reaction was neutral. 

The low urea in each instance is compensated for by the high ammonia. 
Comparing the figures for undetermined nitrogen in this table with some 
of those of Folin for approximately the same output of nitrogen, the 
greatest difference to be observed in the two sets of figures is a matter 
of a few hundredths of a gram of nitrogen, or 4 or 5 per cent. So far as 
the undetermined nitrogen is concerned in this table, we fail to see the 
least evidence of abnormal metabolism. Furthermore, there is no greater 
percentage difference between values for undetermined nitrogen given in 
any of the tables of Ewing and Wolf for pernicious vomiting and some 
of those for normal pregnancy than can be pointed out for normal urines. 

The low creatinin figures given by Ewing and Wolf, and a part, at 
least, of the high undetermined nitrogen can be accounted for by the 
probable presence of significant quantities of creatin nitrogen which was 
not estimated. This appears likely from a later paper by Ewing’® (see 
Table 4), and from our own results to be reported later, in which creatin 


nitrogen was generally present, especially when no food was ingested. A 


10. Ewing and Wolf Am. Jour. Obst., 1907, lv, 294 
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portion of the undetermined nitrogen in their cases of “disturbed metab- 
olism without symptoms” can perhaps in some cases be accounted for by 
the presence in the urine of significant quantities of hippuric acid. This 
would be very likely on a vegetarian diet. Again, although Folin has 
demonstrated that “the absolute quantity of undetermined nitrogen de- 
creases under the influence of the starch and cream diet (yet) in per cent. 
to the total nitrogen there is always an increase,” his own tables show 
that this does not necessarily follow, when the nitrogen is decreased because 
of the administration of some other dietary. This is well shown*® in 
Table 7 by comparing the figures for undetermined nitrogen on March 
10 and April 1, here reproduced in Table 5. 

Although on April 1 the total nitrogen output is less than one-half 
that of March 10, the absolute and relative quantity of undetermined 
nitrogen for April 1 is greater and compares favorably with some of the 


figures reported by Ewing and Wolf. 


TABLE 5.—UNDETERMINED NITROGEN ON TWO SUCCESSIVE DATES 
Total N. Undet. N. Undet. N. 


Gm. Gm. ‘ 
Mixed Vegetarian Diet, 3/10/— ..... e . 15.0 0.68 4.5 
Cereals and Bread Reduced, 4/1/— ..... 6.7 0.88 13.2 


Finally, the evidence furnished by the reports of Stone, Edgar, Ewing 
and Wolf fails to convince us that in pernicious vomiting of pregnancy 
urinary analysis reveals either suboxidation or deficient desamidation in 
the organism. 

In the foregoing considerations, we have attempted to show that per- 
centage values alone may be of little value in the determination of 
whether a given urine is abnormal. A theory, like that of Williams, for 
instance, that when the ammonia nitrogen reaches 10 to 15 per cent. of 
the total nitrogen, the patient is in grave danger, cannot be accepted as 
a diagnostic measure. Employment of such a theory as a working hypoth- 
esis in the treatment of pernicious vomiting will inevitably lead to errone- 
ous conclusions. Not only must one consider the percentage value of 
urinary components, taking the total nitrogen output into account also, 
but of even greater significance is the absolute value of the different forms 
of nitrogen; and the normal, absolute and relative variations possible 
should receive due attention. No figures obtained in urinary analysis of 
this sort are of great significance unless due consideration has been given 
to the amount and character of the food ingested. 


20. Folin, O.: Am. Jour. Physiol., 1905, xiii, 108. 
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We believe from the results thus far reported that urinary analysis 
gives no indication as to the cause of pernicious vomiting of pregnancy, 
and therefore cannot be regarded as a means of determining the patient’s 
condition so far as this is connected with the disease itself. 


A TENTATIVE THEORY TO ACCOUNT FOR THE COMPOSITION OF THE URINI 
IN PERNICIOUS VOMITING OF PREGNANCY 


Influence of Inanition on the Composition of the Urine—From the 
data submitted by Williams and Ewing and Wolf, together with our own 
experience, the conclusion has been forced on us that in pernicious vom 
iting of pregnancy no significant change occurs in the composition of the 
urine so long as the patient is able to retain a sufficient quantity of nour- 
ishment. It is our conviction that the lack of food will suffice to account 
for the urinary picture presented, and although previous investigators 
have in a measure given consideration to inanition as a factor of impor 
tance, yet we believe that insufficient attention has been devoted to it. 
When comparison is made of the urinary findings in the two conditions, 
the similarity to be observed is most striking. Inanition tends to change 
the absolute as well as the relative quantities of urea nitrogen and 
ammonia nitrogen, and we have failed to discover in the cases of perni 
cious vomiting reported by previous investigators any more significant 
perversion than this. The existence of deficient desamidation, as indi 
cated by the high undetermined nitrogen, and emphasized by Ewing and 
Wolf, has not been firmly established, and can be accounted for in part 
by the employment in its estimation of an inaccurate method, in part 
by the non-consideration of creatin and hippuric acid, and by the fact 
that the existence of this perversion is apparent rather than real, since too 
great reliance has been laid on the so-called normal ratios without due 
consideration of normal variations. 

Ewing, who is the exponent of the deficient desamidation theory, 
inclines strongly to the view that the urinary findings presented by 
patients in simple inanition and in the pernicious vomiting are quite 
distinct. Nevertheless, he is able to enumerate only three differences, 
which have already been quoted in another part of this paper. The thre 
distinctions indicated are high undetermined nitrogen in the urine of 
pernicious vomiting, which does not obtain for the urine of inanition; 
the inconstancy of acidosis; and the occurrence of high total ammonia 
without acidosis. The existence of the first-named factor, high undeter 
mined nitrogen, has not in our opinion been established, as the previous 
discussion has indicated. It is presumed that by the term “acidosis” the 


presence of the acetone compounds is meant in Ewing’s article. Little 
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comment is necessary on this, inasmuch as at best its significance is slight. 
and its appearance in the urine is governed entirely by the character of 
the food intake. From the excellent review by Ewing of the literature 
on acidosis (acetone, ete.), it is apparent that this condition arises only 
in the absence of sufficient carbohydrate supply in the body. Since no 
careful supervision of the dietary was reported in the cases of Ewing and 
Wolf, its appearance, or absence, should not be emphasized in indicating 
differences between the two types of urine. 

The third factor, the occurrence of high total ammonia without acido- 
sis, is worthy of careful consideration. In the first place, there are very 
few instances in the paper of Ewing and Wolf in which the ammonia is 
especially high, and in these cases there was noted the appearance of 
acetone bodies. Moreover, the observation that acetone bodies are absent 
is no proof that acidosis may not exist; that the high ammonia may not 
united with some other perhaps hitherto unconsidered acid, or acids, 
which may be present in the urine of both simple inanition and in that 
of pernicious vomiting. Indeed, one of us** has already shown that para- 
lactic acid in significant quantities may be isolated from the urine in per- 
nicious vomiting, and in some unpublished experiments on prolonged 
starvation in man and in animals a zinc salt possessing the properties and 
chemical characteristics of lactic acid has been obtained from the urine. 
rhe observation that lactic acid may occur in the urine in both inanition 
and pernicious vomiting, presumably in combination with ammonia, 
appears to us to afford evidence that the origin of the lactic acid in the 
two cases is identical, namely, arising as a result of inanition; and this 
may carry with it the assumption that a part of the ammonia, at least 
in the two cases, is formed from identical processes. In other words, there 
is much to indicate that the high ammonia in pernicious vomiting arises, 
not as a result of pathological changes in organs induced by this condition, 
but as a result of processes initiated by starvation. We could also call 
attention to the possibility that hitherto little-considered acids, of which 
lactic is one, may be sufficient to account for high ammonia content, both 
in starvation and in pernicious vomiting. 

Theoretical Considerations—Our explanation for the urine picture 
observed in pernicious vomiting is that inanition is the factor responsible 
for the significant changes, i. e., the low urea and high ammonia nitro- 
gen. As has been shown above, we fail to find evidence of any other 
changes which can be regarded as established, or which can not be 
accounted for. So long as it is a possibility for the patient to retain a suffi- 


21. Underhill: Jour. Biol. Chem., 1907, ii, 485 
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cient food-supply, no perversions of the urinary components occur. Fur- 
thermore, when the ability to consume food is re-established, the unusual 
urinary finding is soon readjusted. Changed relations in the output of 
the nitrogenous constituents of the urine may not be apparent for several 
days subsequent to abstinence from al] food. While it is true that a few 
days’ fasting may be followed by the appearance of significant quantities 
of acetone bodies in the urine, i. e., acidosis, this phenomenon does not 
always accompany inanition of short duration. This is to be explained on 
the assumption that so long as the organism retains stored carbohydrate 
material a urine normal in its nitrogenous composition may be excreted 
irrespective of the fat content of the body. Although it is probable that 
the acetone bodies are derived from fat metabolism, their appearance in 
the urine is facilitated by the absence of adequate carbohydrate-supply in 
the body. In inanition energy is required to maintain the physiological 
efficiency, and this need is preferably supplied from stored carbohydrat 

therefore, in the absence of this material, fat is drawn on. In the absenc: 
of carbohydrate, however, adipose tissue is difficult of combustion, but 
will yield a certain amount of the requisite energy. Besides the need of 
energy another nutritional necessity is the maintenance of the sugar 
content of the blood, which, in all probability, fat cannot readily yield. 
The protein material may then be drawn on to furnish the carbohydrate 
and, incidentally, a portion of the energy. This is accomplished by th« 
demolition of the protein molecule, the assimilation of the carbon moiety 
and the simultaneous cleavage of the nitrogenous portion into substances 


readily eliminated. In the demolition of the protein molecule lactic acid 


arises, the presence of which in the blood is the signal for the body to 
reestablish its normal reaction, which is accomplished by intercepting 
ammonia salts on their way to undergo a transformation into urea. Such 
a process will account for a portion of the high ammonia nitrogen in the 
urine in both pernicious vomiting and inanition. The possibility 
other acids having a similar origin may also be present is not excluded. 


} 
| 


The carbohydrate store of the body is not immediately depleted, but ma 
be accomplished only after several days. According to this view carbo- 
hydrate-supply in the organism determines in large measure the oc 

rence of acidosis, i. e., high ammonia content in the urine. As soon, how 
ever, as the protein of the body is drawn on to furnish carbohydrate, 
acidosis makes its appearance. This explains the difficulty of inducing 
acidosis in dogs by inanition alone. ‘The dog, as is wel] recognized, is 
capable of maintaining a glycogen store over an extended period. So 
long as glycogen is present in the tissues of this animal, there is n 
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istration of phlorhidzin acidosis occurs.** It is not assumed, however, 
that fat metabolism is without influence in the production of acidosis. 
Indeed, in all probability, the combustion of adipose tissue may be 
assumed to be responsible for a large portion of the observed acidosis, 
especially in persons with much adipose tissue, but it is probable that 
this type of acidosis is also much more pronounced in the absence of 
sufficient carbohydrate. In emaciated individuals, however, it cannot be 
assumed to play such a prominent réle. We would lay emphasis on the 
attempt of the body to obtain the requisite energy from protein as a 
source of acidosis (high ammonia) in jean individuals. In this attitude 
we differ from the work of Scholten and the theory of Wolf.** According 
to the latter, acidosis occurs only in fatty subjects, and a subject starved 
even to emaciation does not give evidence of acidosis. This statement 
emanates from the work of Brugsch.** His subject, according to Wolf, 
“had received no nourishment for forty days.” In the original article, 
the facts are stated as follows: 

“Seit Anfang November hatte sie sich von 14 liter diinner Milch pro 
Tag und 5 Eier in der Woche ernihrt, die letzten 9 Tage vor ihrer Auf- 
nahme hatte sie tiberhaupt nichts mehr hinunterbringen kénnen, nicht 
einen Schluck Wasser.” Although this diet might well lead to emaciation, 
it is possible that it was sufficient to prevent decomposition of tissue pro- 
tein to an extent necessitating an increased ammonia output. The period 
of actual starvation was only nine days, which would not necessarily pro- 
duce depletion of carbohydrate store in a woman of such small body 
weight. 

On the other hand, if the urinary findings are the direct outcome of 
the pathologic condition itself in the acute cases in which starvation has 
not become a prominent factor, the urinary ratios should be markedly 
distorted. In the cases reported so little attention has been paid to the 
influence of diet that one is unable to render a satisfactory decision 
as to the specific influence the pathologic condition itself may have on the 
urine. In our personal experience, we have never seen a case of pernicious 
vomiting in which any of the nitrogen ratios were distorted so long as a 
reasonable quantity of food was retained. The mere statement that “the 
stomach retained almost nothing” is extremely indefinite. If our expla- 
nation of the significance of the reported perversions of the urinary con- 
stituents in pernicious vomiting is correct, the administration of carbo- 
hvydrate-supply in these cases should be followed by a readjustment of 
. Marum: Beitr. z. chem. Physiol., 1907, x, 105. 


>» 
3. Wolf: New York Med. Jour., 1906, Ixxxiii, 813 
$. Brugsch: Ztschr. f. exper. Path. and Therap.. 1905, i, 419 
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the distorted nitrogenous values without necessarily influencing the vom- 
iting. On the other hand, if the cause underlying the inception of the 
vomiting is responsible for the urinary changes, supplying carbohydrate 
to the body should be without influence on the urine picture. 

Experimental Results——In the following pages are given the results 
of an attempt to test the tenability of the hypothesis advanced above. The 
reports here submitted are not offered as positive proof of the correctness 
of our theory, but the outcome in these cases has been so encouraging that 
the data are given in order that others, whose opportunity of studying 
this condition is greater than our own, may also put our hypothesis to the 
test. According to our belief, the importance of estimating different 
forms of urinary nitrogen in pernicious vomiting lies in the knowledge 
it may impart concerning the nutritive condition of the patient, and its 
value ceases at this point. Moreover, we believe that the determination 
of total nitrogen and ammonia nitrogen, together with the estimation of 
creatinin and creatin, is of much greater value (since the methods em- 
ployed are accurate) in following the nutritive condition of the patient 
than the more elaborate plan suggested by Ewing and Wolf, in which 
errors are much more likely to creep in and in which undetermined 
nitrogen may play a misleading roéle. Slight errors in urea estimation, 
for instance, may give rise to high undetermined nitrogen, since an 
error in urea determination must be multiplied many times. In the cases 
to be reported only those of the chronic type are considered. All urines 
were preserved with toluene. 

CASE 1.—Mrs. A., multipara, about six weeks pregnant, first seen February 15, 
had suffered from persistent nausea and vomiting since February 8. In this 
interval all food swallowed was promptly regurgitated. This attack was the third 
of a similar nature, the two previous seizures terminating only on emptying the 
uterus. Attempts to feed were unsuccessful and patient was removed to the 
hospital February 22. The urinary analyses are given in Table 6 and the further 
treatment of case in the appended clinical report. 

Discussion of Urinary Findings.—Reference to the urinary analyses 
made on February 23 reveal no perversion of any of the constituents 
determined, and yet vomiting and nausea had been present to the extent 
that practically complete starvation obtained. Had no further urinary 
analyses been made, one would have been justified in assuming that this 
particular case belonged to the neurotic or reflex type of Williams, and 
hence was not of a serious character. These particular findings emphasize 
the necessity, for correct diagnosis, of analyzing the urines of consecutive 
days and not depending on the results obtained at long intervals of time. 
May it not also be possible that in some of the cases reported by Williams, 
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the failure of the urine to show high ammonia content was due to the 
fact that inanition had not been of sufficiently long duration or was 
incomplete ? 

Acidosis—High Ammonia: The urinary analysis in Table 6 up to 
February 23 also shows that the mere abstinence from food for many 
days does not necessarily provoke a significant acidosis (high ammonia), 
even though the body may be in a fair state of nutrition and adipose 
tissue present. In our opinion the presence of fat per se does not neces- 
sarily play a directing role in the determination of urinary changes. It 
is to the presence or absence of carbohydrate store in the organism that 
we must look for the factor determining nitrogenous changes. In 
the starving organism but little change may be detected in the nitrogen- 
ous urinary constituents so long as the carbohydrate store is not depleted ; 
and, in our opinion, this does not happen so rapidly as has been assumed. 
The sudden large increase in ammonia nitrogen on February 23 is to be 
explained as the result of the practically complete disappearance of glyco- 
gen. The high ammonia content is to be explained in part as originating 
from the perverted fat metabolism, and in part from combination with 
such compounds as lactic acid, the latter arising from protein decomposi- 
tion. On the other hand, it may be possible that the liver is unable to 
form urea from ammonium salts in the absence of carbohydrate,** and 
that these salts are excreted in the urine with substances, organic acids, 
which are relatively non-toxic, and which the organism readily furnishes 
on demand. Whichever condition obtains, it is obvious that the presence 
of carbohydrate is the pivot on which the whole reaction turns. Not 
only is lactic acid present in the urine, but acetone, diacetic acid and 
oxybutyrie acids were demonstrated, the latter, however, falling short of 
the quantity necessary to account for all the ammonia, an observation 
which has also been noted for inanition. If carbohydrate is the deter- 
mining factor in the production of high ammonia content of the urine, 
the organism when supplied with this material should so readjust its 
metabolic processes that normal, or approximately normal, conditions 
should prevail for a time at least. If, however, the ammonia content of 
the urine is an evidence that the liver is out of function as a result of 
irremedial lesions, supplying carbohydrate to the body should not affect 
the ammonia output in the urine. 

Influence of Carbohydrate on Urinary Picture: In our cases, carho- 
hvdrate was administered as rectal enemata by the Murphy drop method. 
Our purpose in supplying carbohydrate was twofold: first, to test the 
hypothesis just given, and, second, to supply easily assimilated nutri- 


——_____. 


25. Fader: Ztschr. f. Biol., 1877, xiii, 256. 
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ment, because we have become convinced that the rectal administration of 
albumin water is of little value for the reason that in all probability very 
little is absorbed, and, far more important, it is not protein that the 
body needs. Energy is needed and from a source that requires but little 
effort for its assimilation, and dextrose answers this requirement fully. 
Not only does the organism require material which is readily trans- 
formed into energy, but inorganic salts are also a vital necessity for the 
proper accomplishment of the bodily functions, and this requisite cannot 
be met by the administration of the usual] saline enemas. The fluid which 
is perhaps best calculated to furnish the right proportions and kinds of 
inorganic elements is milk; and accordingly whey has been introduced in 
the dextrose drip. A certain small quantity of soluble protein was thus 
also given an opportunity for absorption. Although from February 24 to 
February 28 dextrose was administered, no impression was apparently 
made on the urinary ammonia output. On February 28 dextrose was 
unfortunately omitted and the urine was not preserved and fermented. 
Beginning March 1 extreme care was taken with the rectal feeding and 
300 grams of dextrose were administered. Assuming that all was 
absorbed, which is not probable, the calorific value yielded by this amount 
of sugar should have made some impression on the ammonia output pro- 
vided our hypothesis was correct, and, indeed, there is to be observed on 
this day a significant fall in the total quantity eliminated, which is also 
true relatively. It is also of interest to note the tendency toward a less- 
ened excretion of total nitrogen, which was, however, much more pro- 
nounced on the next day, March 2. On this day also the total ammonia 
nitrogen underwent a large decrease, although relatively it was greater 
than on March 1, which simply illustrates the fallacy of depending for 
diagnosis merely on percentage values. The continued administration of 
the rectal enemas on March 3 and 4 resulted in a still further diminution 
of the total ammonia nitrogen elimination, after which date the ammonia 
nitrogen output remained high in spite of the rectal feeding. The reduc- 
tion of the absolute ammonia nitrogen from 2.46 grams to 0.67 gram 
(relatively 41 to 20 per cent.), in our opinion, is indicative of the tenabil- 
ity of our hypothesis, namely, that the lack of carbohydrate is responsible 
for the high ammonia content of the urine in pernicious vomiting. (This 
will also probably explain the high ammonia in diabetes.) If lesions in 
the liver were the cause, it is difficult to understand how mere administra- 
tion of carbohydrate could enable the hepatic cells to functionate nor- 
mally. It may be objected that the salts supplied by the whey introduced 
replaced the ammonia which was previously combined with the organic 
acids. The answer to this may be obtained in part by noting that pre- 














F. P. UNDERHILL—R. F. RAND Sl 


vious to the introduction of whey the ammonia nitrogen output had 


¢ 


already begun to decrease, and in part by the fact that the quantity of 
organic acids in the urine during this short period had become insignifi 
cant. In other words, the ammonia nitrogen output behaved in exact 
the manner that one would expect if the case were simple inanition. ‘The 
inability of the organism to maintain a low total ammonia nitrogen out 
put is explicable if one assumes that the rectal food was no longer 
absorbed in the same degree, or that as inanition progressed the energy 
need was correspondingly greater and could not be supplied by the quanti 
ties introduced ; in other words, that no glycogen could be formed. The 
patient finally became so weak and emaciated that abortion was per 
formed on March 13, shortly after which food was eaten in sufficient 
quantity to exert an appreciable influence on the ammonia nitrogen. 
Recovery was uneventful and the urine soon assumed its normal quantity 
of ammonia nitrogen. Concerning the creatinin and creatin output, little 
can be said. The variations in the absolute total creatinin elimination 
were quite large and relatively there was an increase as the total nitrogen 
elimination decreased, which also obtains normally. Creatin appeared 
in the urine at times in significant quantities, which may also probab 
be regarded as an evidence of inanition.*® 

Acetone Bodies: The acetone bodies, acetone, diacetic acid and ox 
butyric acid were constant constituents of the urine from February 25, 
but the quantity of these substances present did not appear to bear a 
definite relation to the ammonia eliminated. Oxybutyric acid was identi- 
fied by its distillation as crotonic acid, the melting-point of which was 
determined. Our results differ from those of Williams, who reports that 
“acetone, diacetic acid and oxybutyric, and allied substances were not 
present in the urine.”*? 

CASE 2.—Mrs. T., primipara, about two and one-half months pregnant when 
admitted to hospital, had been nauseated for about one month, during the last 
two weeks of which nearly everything eaten had been vomited. For the week 
previous to entrance to hospital nothing had been retained. 


Discussion —The details of the urinary analyses are given in Table 
y. It will be observed that for the first three days on which the urine 
was examined the total nitrogen was high when it is considered that no 
food was retained, and this was taken as an indication that the body 
tissue was being catabolized to furnish the requisite energy. Persistent 





26. Benedict: Influence of Inanition on Metabolism. 1907. Carnegie Institute 


Washington. 
27. Williams: Johns Hopkins Hosp. Bull., 1906, xviii, 79 
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endeavors to retain food were finally successful on April 10, although 
care was necessary in its administration. 

Influence of Food on Urine Picture: The effect of taking even the 
limited amount of nourishment on April 10 is at once seen in the output 
of total nitrogen for April 11. Such a decrease in the elimination of 
total nitrogen may be fairly regarded as an evidence of decreased catabol- 
ism undoubtedly resulting from the administration of a certain supply 
of energy from outside sources. This low nitrogen output was fairly well 
maintained so long as the patient was under observation. The ammonia 
nitrogen elimination for the first few days was high, both relatively and 
absolutely, and even though the absolute value fell in correspondence with 
the total nitrogen the relative value for the first day or two following 
significant food intake remained high, but quickly showed a tendency 
to regain the normal. Creatin was present in the urine throughout 
until a full diet was taken, but there was a tendency for the quantity 
present to diminish as soon as a noticeable food intake was inaugurated. 
According to our view, then, the perverted urinary nitrogen values to be 
observed in this case are but evidences of an insufficiency of energy 
producing substances and cannot be regarded as indicative of any hepatic 
lesions, even though jaundice was present. If the liver were so badly 
damaged, why did it so rapidly acquire the property of performing its 
functions normally when food was given? From the fact that the patient 
was finally able to retain food it might be assumed that this case should 
be included under the reflex or neurotic type of Williams. If the vomit- 
ing observed was either of these orders, w hy should the ammonia nitrogen 
be high? For Williams says “in reflex and neurotic vomiting there ar 
no manifest changes in the urine.”** We believe, however, that any type 
of vomiting of pregnancy will show the same perverted urinary nitrogen 
values prov ided food is rejected sufhicie ntly long. 

CASE 3.—Feigned Pernicious Vomiting—To demonstrate this point a case 
may be cited in which little evidence could be gained that pernicious vomiting was 
present. Patient 3, primipara, was about three months pregnant, and unmarried 
On admission to hospital she was markedly emaciated and all food was refused 
Vomiting occurred but rarely, and then only when the patient was alone; once 
she was detected with her fingers inserted in her throat in an endeavor to vomit 
Apparently her object was to feign pernicious vomiting of pregnancy in the hope 
that abortion would be performed, and thus disgrace avoided. Her recovery was 
rapid as soon as she received a promise of marriage from the one responsible 
for her condition and eventually she was delivered of a healthy child. 

Without doubt, her emaciation was simply a result of voluntary star 


vation in order to escape pregnancy and vet the urine with a nitrogen 


28. Williams: Johns Hopkins Hosp. Bull., 1906, xvii, 90. 
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grams contained 2.15 grams of ammonia nitrogen. or 33 


per cent., on April 4, 1908; and again on April 6 the total nitrogen was 


46 grams and the ammonia content 1 gram, or 22.4 per cent. In the 
nterim of these two analyses food was persistently urged on the patient, 
n a diminished nitrogen output and a greater decrease in 
nitrogen. Somewhat later urinary analysis showed a perfectly 
it of ammonia and total nitrogen. In the hospital records 
alled “neurotic.” If Williams’ classification is correct, why 

monia nitrogen so abnormally high? According to our 


victure was merely an evidence of starvation. 


he patient, a primipara, was iu the third month of pregnan 
ospital For two weeks previous there had been nausea 
There was constant distress in the region of the stomach 


nourished. The urinary analysis is shown in Table 8 


The picture presented here is strikingly similar to 
\s in that example for the first few davs subsequent to admi 


hospital! when the food intake was practically nil, the 
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PERNICIOUS VOMITING OF PREGNANCY 
over, the liver cells must have been almost completely disorganized te 
have been unable to perform their function of forming urea, for Jackson 
and Pearce*® and Underhill and Kleiner®’ have shown the great difficulty 
of attaining this object by the production of experimental hepatic lesions. 
It is only when practically all the liver cells are destroved that any abnor- 
mality in urea formation is to be observed. The presence of a few cells 
is apparently sufficient to carry on this function, and the recorded obser- 
vations have tended to emphasize this as one of the many factors of 
safety to be found in the body. On the other hand, abstinence from food 
readily induces a perversion in urea formation, particularly when the 


carbohvdrate store of the body is low. It is probable, therefore, that the 


perversion in urea formation found in inanition should also be regarded 


as a factor of safety, the function of which is to maintain an equilibrium 
between the ac ids and hases of the body. With one or two exceptions, the 
absolute quantity of creatinin nitrogen excreted in Case 4 was remarkab]\ 
constant, but the relative values were quite variable. Creatin nitrogen, 
on the other hand, showed little regularity of elimination. As soon as 
food was introduced into the body a tendency toward a diminution in 
creatin excretion was observed. Since the food consisted in large measure 
of carbohydrate, it is obvious that this foodstuff is capable of causing 
such an action. Indeed, in some unpublished experiments by one of us 
(Underhill) and W. C. Rose, it has been shown that creatin in the urine 
of fasting rabbits can be made to disappear rapidly by administration of 
sugar. 

From the behavior of the urine in the few examples of vomiting of 
pregnancy here submitted, we feel justified in offering the hypothesis pre- 
viously outlined, namely, that the perverted nitrogen ratios which occut 
can be regarded only as evidences of lack of energy-producing materials, 
carbohydrates, and that so long as sufficient carbohydrate is administered 
no such perversion will occur. The determination of these ratios is, 

fore, of value, not as a means of diagnosing the progress or severity 
pathological condition, but as an index of the nutritive condit 
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Mr. W. C. Rose, rabbits were allowed to die from inanition. Phe vers 
of some of these animals showed “a marked focal necrosis, reminding on 
almost of what is seen in intoxication with hemagglutinins.”** So far as 
we are aware, there is practically no literature on this point, and, in 
view of the above results on normal animals, it may be inferred, perhaps 
that a part of the pathological changes observed in the liver in pernicious 
vomiting can be explained as a result of disordered nutrition due to 
starvation, which must play a prominent réle in the prolonged cases 
From both the chemical and anatomical viewpoints, therefore, starvation 
is a factor in pernicious vomiting to which more attention should be paid 


before ast ribing to other ere we ] nown processes positions ol! yreater 


prominence. 


CONC SIONS 
Contrary to the opinions expressed b stone, tdgar, and kwing al 
Wolf, a critical review of the literature relative to the composition 
the urine in pernicious vomiting of pregnancy fails to revea equate 
evidence ot either = oxidation or «ae client desamidat on, \ if rent 


interpretation has been made of the results obtained by the above invest 


gators. 


The composition of the urine in pernicious vomiting is striking 
similar to that which obtains in the urine eliminated during inanition. In 
voth instances the characteristic perversions are changed relations in the 


excretion of urea and ammonia and at times in the output of creatinin 


and creatin. Other changes previously reported in the nitrogen output 


have not been firmly established The determination of nitrogen, 
immonia, creatinin and creatin in pernicious vomiting is believed to be 
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rhythm, but, in the absence of carbohydrate, energy-yielding substances 
present in the body are difficult of utilization. It is, therefore, suggested 
that the employment of enemas of dextrose solutions by the Murphy drop 
method is a more rational proceeding in this and related conditions than 
attempts to administer the usual albumin solution, which in all prob- 
ability is not absorbed and for which the body has relatively little need. 

Carbohydrate supply is apparently the factor determining the rela- 
tive output of urea and ammonia, since in pernicious vomiting of preg- 
nancy, as in inanition, the administration of this substance by mouth or 
by rectal enemas is followed by a distinct tendency toward a resumption 
of the normal elimination of these compounds. 


CLINICAL REPORT (IN ABSTRACT) OF FOUR CASES OF VOMITING OF 
PREGNANCY 

CASE 1.—Patient is a Jewess, aged 25, blonde, fourth pregnancy. Complaint: 
Nausea and vomiting. 

History.—The patient was always well except for two previous attacks of 
severe nausea and vomiting of pregnancy, necessitating abortion. Onset of the 
menses occurred at 13 years; regular and normal. The patient was married in 
1903; had one child, born one year later. She had severe nausea and vomiting in 
the early months of this pregnancy, but not nearly so severe as in the subsequent 
pregnancies. She was delivered at term of a healthy child, now living and well. 
In the winter of 1905-06 she was pregnant for the second time and had such severe 
nausea and vomiting that she was sent to the New Haven Hospital, where the 
uterus was emptied. The case was classed clinically as pernicious vomiting of 
pregnancy. On August 5, 1907, she was again admitted to the hospital on account 
of vomiting in her third pregnancy. At this time she was about six weeks preg- 
nant and had been vomiting for three weeks. She vomited all food and liquids, 
including water, taken by mouth, and vomited also, independent of the taking of 
food. On admission the ammonia nitrogen was 2.73 gm., or 40.7 per cent. of total 
nitrogen. This decreased steadily while under observation until August 12, when 
the figures were 1.85 gm. (26 per cent.). Normal saline, egg albumin, and pep- 
tonized milk were given per rectum. During this period, however, the general 
condition of the patient steadily grew worse; her pulse became more rapid and 
weak, lips and tongue dry, cracked and coated, breath fetid, mental condition bad, 
and the skin took on a yellowish tinge. The uterus was emptied August 13, four 
weeks after onset of vomiting. The patient improved rapidly after the operation 
and insisted on leaving the hospital on the tenth day, when she was in fair gen- 
eral condition. 

Present Illness—Last menses Dec. 31, 1908. Onset of nausea and vomiting 
February 8, 1909. The patient was first seen February 15; has eaten practically 
nothing for the past week as everything swallowed distresses her and is vomited. 
She vomits two or three times daily independent of the taking of food. 


Examination.—Well-nourished, well-developed young woman; skin and mucous 
membranes fair color, tongue clean and moist. Temperature 97.4. Pulse 80; 
regular, fair volume and tension. Chest and abdomen negative. Good perineum; 
cervix soft, large, slight bilateral laceration; body of uterus enlarged and retro- 
verted. Retroversion readily corrected. 
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by mouth at first in small quantities at frequent intervals and retained. Food 
was gradually increased. Gruels, broths, etc., were soon taken and at the end 
of the second week she ate a chop. Saline enemas were given from the start. 
The patient had a marked antipathy for sweet things and it was impossible to 
feed her sugar, dextrose or lactose. Even plain water tasted sweet and nauseated 
her. Carbonated waters, cream of tartar waters, and orange juice were well 
taken. Strychnin and chloretone were given from the start. Her bowels were 
moved at first by calomel; after that sodium phosphate in dram doses t. i. d 
acted well as a laxative. The jaundice disappeared by the end of the second 
week and the patient made a good recovery, leaving the hospital May 8 in good 
condition. She took a general ward diet during the last two weeks of her stay 


Case 3.—Patient is of American parentage, aged 34, blonde, primipara, un 
married. Complaint: vomiting. 

History.—The patient had diseases of childhood; frequent attacks of chills 
and fever from girlhood. Diphtheria one year ago, grippe two months ago. She 
generally has fair health, but usually constipated. Onset of menses occurred at 
14 years; regular, normal. 

Present Illness.—Last menses occurred December 16. Onset of nausea and 
vomiting about February 22. Vomiting occurs right after eating and also inde 
pendent of the taking of food. Though she has been vomiting but two or three 
times daily she has taken so little food that she has become very thin and weak. 
Vomiting is frequently followed by severe retching. : 

Examination.—On admission to the hospital March 22, patient was markedly 
emaciated; voice weak and high-pitched. Temperature 99; pulse 98; poor qual 
ity, respirations 24. Skin and mucous membranes pale, tongue coated, breath 
fetid. Urine decreased in amount, trace of albumin, high percentage of ammonia 
nitrogen (33 per cent.), no casts. She is constipated. Uterus enlarged to about 
size of three months pregnancy. 

Treatment and Course of Disease—In spite of the seriousness of the 
patient’s condition and of the urinary findings, it was felt that this was 
not a ease of pernicious vomiting. It should be noted that the pregnancy 
was very unwelcome and the patient was anxious to have an abortion in- 
duced. Further, she believed that this would be done if her condition 
became serious. There was a strong suspicion that she had deliberately 
starved herself in order to attain her wish in the matter. Under a strict 
régime there was a slow but progressive improvement in the patient’s con 
dition. Vomiting occurred but once a day during the first week of her stay in 
the hospital and then only when she was alone. Finally she was caught with 
her finger in her throat. Vomiting ceased entirely shortly after this. In six 
weeks she was taking a satisfactory amount of nourishment and had gained suf- 
ficiently in strength to get up and out of doors. The patient left the hospital 
in fair condition in May. The further course of her pregnancy was uneventful 
and she was delivered at term of a healthy child. Small amounts of albumin in 
water and milk were given at first; there was gradual increase of these with 
addition of jellies and gruels, ete., until she partook of a general diet. Medicines 
given were chloretone, gr. 1, t. i. d., laxatives as needed. 


CASE 4.—The patient is a brunette, aged 30, of American parentage. 

History.—The patient had diseases of childhood only; was usually constipated. 
The menses began at 13 years, regular, some dysmenorrhea. The patient has 
been married three years; this is her first pregnancy; last menstruation January 
19. She was admitted to the hospital March 17. 
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Present Illness.—Onset of severe nausea occurred about two weeks ago, ac 
companied in a few days by vomiting after eating. Since onset patient has had 
a constant feeling of distress in epigastrium, nearly constant nausea, and for 
ten days she has vomited after nearly every attempt to take food. Appetite is 
very poor, bowels irregular and constipated. For two days before admission she 
vomited all food and several times vomited between attempts at eating 

Examination.—On admission: Well-developed, well-nourished young woman 
lhe skin and mucous membrane of good color. Tongue with grayish coating down 
center, margins clear. Heart and lungs negative Abdomen soft, not distended, 
somewhat tender in epigastrium. Liver dulness from fourth rib to costal margin 
Slight edema above ankles. Patella reflexes exaggerated remperature 97.6 
Pulse 80, regular fair volume, easily compressed. Respirations 20 


Treatment and Course of Disease The patient was distressed by nausea and 


vomiting for the first week of her stay in the hospital, but managed to retain an 


increasing amount of nourishment After this the vomiting practically ceased 
though the nausea continued for two weeks longer. The patient was given albu 


min water, clam broth, a mineral water and ginger ale in small amounts for six 
days. On March 23, she took 2 ounces of gruel with % ounce of milk sugar; 3 


ounces of oyster stew, and 6 ounces of albumin water. Increasing amounts of 
carbohydrates were gradually added to this diet. After April 4 the diet was a 
pretty general one, though limited in amount The patient’s appetite was fair 


and food was relished. She made a slow but uneventful recovery and left the 
hospital April 29 in good condition. 


91 Clark Street. 246 Church Street 

















THE EFFECT OF DIGITALIS ON THE VENTRICULAR RATE 
IN MAN 


\. W. HEWLETT, M.D 
ANN ARBOR, MICH. 
AND 
r. B. BARRINGER, JR., M.D 


NEW YORK 


Oi the various cardiac irregularities produced « xperime ntally by digi- 


talis, the earliest to appear in most instances is an occasional omission of 


ventricular contractions. owing to an interruption of the stimulus between 


the auricles and ventricles. Somewhat later, or even immediately aftet 


this, the heart may assume a most peculiar rhythm in which the auricles 


and ventricles are beating quite independently of each other.’:* This 


irregularity differs from the ordinary rhythm of complete heart-block in 


that the ventricular rate is not slow, but approaches and, indeed, usually 
exceeds the auricular rate; so that, for example, one may count sixteen 
ventricular to fifteen auricular contractions. This rhythm is so common 


in carefully graded digitalis poisoning in dogs that it has become a re; 


u- 


lar portion of the pharmacologic demonstrations given by Dr. Edmonds 


to the Universitv of Michigan :° nts and by Professor Hatcher to th 


{ 


Cornell University students. So far as we know, this form of irregular- 


itv has never been described in man. Its probable occurrence in the 
patient whose history follows has led us to report the case and to discuss 
riefly the effect of digitalis on the ventricular rate in man. 

CASE 1.—Patient \ teamster, 27 years old, entered the first medical division 
of Bellevue Hospital, New York, on June 27, 1908, complaining of cough and dysp 
nea. His family history was negative. He had had acute articular rheumatism 
at 12 years, a suspicious venereal sore at 22, and had been a heavy drinker up to 
five months before admission. For two years he had been troubled with short 
ness of breath on moderate exertion, but in the past two months this had become 
much more severe and was often paroxysmal in character. He had 


and at times slight fever. No edema 


a loose cough 


Exramination.—This showed a well-nourished young man suffering from dysp 


nea. The eardiac dulness was not enlarged; the heart-sounds were clear and of 


* Read ata meeting of the Section on Medicine of the New York Academy of 
Medicine, Oct. 19, 1909 


1. Cushny, A. R.: The Action of Substances of the Digitalis Series on the 
Cireulation in Mammals. Jour. Exper. Med., 1897, ii, 233 
2. Tabora: Ueber die experimentelle Erzeugung von Kammersystolenausfall 


und Dissociation durch Digitalis. Ztschr. f. exper. Path. u. Therap., 1906, iii, 549 
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normal intensity. The lungs showed a diffuse bronchitis, and, in addition, the 
left lower axilla showed dulness, diminished breath-sounds, diminished fremitus, 
and numerous crackling rales. The liver was palpable at the level of the umbil 
icus. The urine showed a heavy cloud of albumin with a specific gravity of 1,020 
and many hyalin and granular casts. He was discharged on July 10 considerably 
improved. 

Course of Disease —On Aug. 3, 1908, he was readmitted to the second medical 
division of Bellevue Hospital complaining of dyspnea. His heart was now dis 
tinctly enlarged, the apex-beat being in the sixth intercostal space, 15 em. from 
the mid-line, with the right border 2 em. beyond the sternal margin. There was a 
soft systolic murmur at the apex transmitted to the axilla and back. The second 
pulmonie sound was accentuated. The pulse was weak, of small volume, and occa 
sionally irregular The urine was at times negative; at other times it showed 
traces of albumin. .The feet were swollen. During this stay in the hospital he 
ran a slight but continuous fever, occasionally reaching 100.5, and toward the 
end 102. His blood showed a mild anemia, with 9,000 to 11,000 white blood cor 
puscles. Blood cultures were negative. He died on September 5. There was no 





autopsy. The clinical diagnosis was chronic myocardial insufficiency with dilata 
tion. 
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Fig. 1 Jugular and apex tracing with chart showing the relation of auricu 
lar and ventricular systoles, 1/15 second being allowed for the venous waves to 


reach the neck 
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Fig. 2—Same as Figure 1, except that the apex tracing was too indistinct for 


reproductior 


During the earlier part of the patient’s second stay in the hospital, his 
venous pulse was of the usual negative type, the well-marked a waves 
indicating normal auricular contractions. On Sept. 4, 1908, one day 
vefore he died, the patient’s general condition had become much more 
serious and his edema and dyspnea more severe. At times gallop rhythm 
was heard over the precordia. The venous tracings taken on this day were 
emarkable in that they showed a regularly recurring cycle of changes 
(Figs. 1 and 2). Each evele required about seven seconds for its com- 
pletion, and included about fourteen ventricular contractions. At cer- 
tain portions of the cycle a single, sharp, positive wave occurred in the 


st after the onset of ventricular systole. Midway between 


: > ao 
ar pulse 





























Ee mee 


1 6 NEI ap 


A. W. HEWLETT—T. B. BARRINGER 5 


these groups of sharp waves, each ventricular systole was represented on 
the venous pulse by two waves of almost equal height connected by a 
more or less distinct plateau. It was evident from the duration of thes 
cycles (seven seconds) that they were independent of the respiration, 
for the respiratory rate was constantly about 30 per minute. 

In our opinion, the explanation of these cycles is to be sought in thi 
interference of two systems of waves which were independent of on 
another and not quite synchronous. The one system is best represented 
on our venous tracings by the negative waves marked z, which recur 
regularly and nearly always distinctly. The other is represented by the 
apex-beats. A comparison between these two shows that the forme 
recur at a slightly slower rate than do the latter, so that, for example, 
thirteen 2 waves correspond to fourteen apex-beats. There was evident, 
therefore, a lack of synchronism between the apex-beats representing th 
systoles of the left ventricle and the portion of the heart which caused the 
x waves. Several reasons can be advanced against the view that thes 
latter were due to the contractions of the right ventricle. In the first 
place a dissociation of this character between the two ventricles is 
unknown experimentally and would be highly improbable on theoretical 
grounds. In the second place, such a dissociation ought to cause recut 
ring variations in the shap ol the apex-beat which were not present 1n 
our tracings. Finally, it is difficult to explain the rhythmical changes in 
the venous pulse on this hypothesis. 

It is much more probable that the negative x waves were due to 
auricular diastoles and that the cyclic variations in the venous pulse wer 


caused by a lack of synchronism between the auricles and ventricles of 


such a nature that for thirteen auricular there were fourteen ventriculai 
contractions. On this assumption these cycles in the venous pulse become 
clear. The positive wave, which can usually be distinguished just befor 
the a wave, was in each case due to the auricular contraction, the othe 
waves were caused by the contractions of the right ventricle, and th 
changing character of the venous pulse was due to the complicated inter- 
ference of the two systems of waves. Unfortunately, it is not alwavs 
possible to identify the individual waves on the venous tracings Yet 
one thing comes out clearly when a diagram is constructed to show thx 
relation of auricular and ventricular contractions according to this 
hypothesis (Figs. 1 and 2). This is the fact that the single high waves 
on the venous pulse occurred when the onset of ventricular systole coin 
cided with that of auricular systole. Such single high waves are common 


in those extrasystoles where premature ventricular contractions coincid 
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with auricular systoles,* and their occurrence in our tracings just where 
one would theoretically expect them strengthens our hypothesis. 

Through the kindness of Dr. C. W. Edmonds, tracings were obtained 
from the internal jugular vein of a dog during digitalis poisoning, at 
the stage where the ventricular contractions were slightly more rapid 
than the auricular (Fig. 3). This venous tracing, though not precisely 
similar to those ebtained from our patient, resembles them in the promi- 
nence of the « waves due to auricular diastoles and in the occurrence of 
single waves when the onset of ventricular systole coincided with that of 
auricular systole. In these particulars, therefore, it supports our inter- 
pretation of the tracing obtained from man. 


We have already stated that this peculiar rhythm is frequently 


observed in the later stages of experimental digitalis poisoning. On 


inquiry it was found that the patient from whom our tracings were 
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Fig. 3 Dissociation of auricles and ventricles produced experimentally by 
digitalis, with auricular, ventricular and venous tracings. The main negative 
waves of the venous pulse coincide with auricular diastoles and the single positive 


waves with the simultaneous onset of auricular and ventricular systoles 


obtained had been taking drugs of the digitalis series in considerable 
quantities over a long period of time. From August 8 to August 16 he 
took daily one dram of the tincture of strophanthus, from August 18 to 
\ugust 28 one-half dram daily of the tincture of digitalis, on August 29 
six minims of the fluidextract of digitalis, on August 30 two minims of 
the fluidextract of digitalis. From August 31 to September 2 he took 
fifteen minims of the tincture of digitalis and thirty minims of the fluid- 


extract of apocynum daily, on September 3, 4 and 5 thirty minims of the 


3. Hewlett, A. W The Interpretation of the Positive Venous Pulse. Jour. 


Med. Research, 1907, xvii, 119 
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fluidextract of apocynum, and in addition on September 4 and 5 eighteen 
minims of the fluidextract of digitalis. During all this time his heart 
failure was gradually becoming worse and he died on September 5 
Although the daily amount of digitalis and its allies did not seem exces- 
sive, especially from August 16 up to September 4, ni vertheless in view ot 
the fact that the type of arrhythmia corresponded to that seen in experi- 
mental digitalis poisoning, it seems probable to us that the irregularity 
was due to a cumulative action of the drug. If this be true, it illustrates 
how difficult it mav be to ascertain when enough digitalis has been given, 
for at no time was marked slowing of the pulse observed. 

This peculiar irregularity is believed to be due to the action of digi- 
talis in increasing the spontaneous ventricular rate Ordinarily these 


chambers take their rhvthm from the auricles and their tendency to co 


tract spontaneously is held in abeyance. Should stimuli from the auricles 
fail to reach them, however, sufficient time may elapse for the ventricles 
to develop their inherent rhythm. In complete heart-block, for example. 


they contract spontaneously and regularly at a rate of about thirty per 


minute. Tabora? has shown that this spontaneous ventricular rhythm, 
induced experimentally by section of the His bundle, may be doubled 
the administration of digitalis, and, furthermore, that during the pauses 
of a partial heart-block the ventricles may give one or more spontaneous 
contractions at a rate which shows that their inherent rhythm has been 
increased. Erlanger* has also noted the increased ventricular rate pro- 
duced by digitalis during complete experimental heart-block. 

We have endeavored to find in the literature similar examples of dig 
talis action on man. Several instances have been recorded where the 
ventricles contracted spontaneously during a partial heart-block and it 
seemed of interest to see if these spontaneous contractions showed a ven- 


tricular rate greater than the normal and also to note their relation to 


the administration of digitalis. Rihl’s patient had a partial heart-blo« 
which was apparently due to the administration of digitalis.* In the 
long pauses which occurred during the blocks the ventricles at times con- 


tracted spontaneously. These spontaneous contractions occurred 1.8 to 2 
seconds after the normal ventricular contractions, thus corresponding to a 
spontaneous rate of thirty to thirty-three per minute. Apparently, there- 
fore, although the digitalis produced a partial heart-block in this patient, 

4. Erlanger, J.: Ueber den Grad der Vaguswirkung auf die Kammern des 
Hundeherzens. Arch. f. d. ges. Physiol., 1909, exxvi, 77 

5. Rihl: Klinischer Beitrag zur Kenntnis der Ueberleitungsstorungen von «i 
Bildungsstitte der Ursprungsreize zum Vorhof. Deutsch. Arch. f. klin. Med 
1908, xeiv, 286. 
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it did not inerease the automatic ventricular rate. In a similar case 
report by Mackenzie® the ventricular pause of two seconds corresponded 
to a rate of thirty. No statement was made as to whether this patient 
was under the influence of digitalis. Joachim’s’ patient had taken digi- 
talis, though the amount is not stated. His tracings admit of an inter- 
pretation similar to those just cited and this would make the ventricular 
pauses in his patient about 1.3 seconds and the ventricular rate about 46. 
Finally, in the case reported by Wenckebach,* spontaneous ventricular 
systoles occurred during partial heart-block at intervals of 1.3 seconds 
corresponding to a spontaneous rate of forty-six per minute. Wencke- 
bach states that his patient had been taking the tincture of strophanthus, 
but he does not express an opinion as to any possible relation between the 
drug and the spontaneous ventricular contractions. In these last two 


far as 


cases the ventricular rate was distinctly faster than normal. S 
we may judge from the literature, therefore, spontaneous ventricular con- 
tractions are not common in man during partial heart-block caused by 
digitalis, and when they do occur they may or may not show an increased 
ventricular rate. 

Of particular interest in this regard is the effect of digitalis on the 
ventricular rhythm in complete heart-block. Clinicians are not agreed as 
to its therapeutic value in this condition, some favoring its use in certain 
cases,” others advising caution in its administration.’® Its deleterious 
action in producing or increasing a partial block has no bearing on its 
value when the block is complete. Neither is the slow heart-rate a contra- 
indication to its use, for, so far as we know, digitalis does not slow the 
automatically beating ventricles either in animals or man. On the other 
hand, one might conceive that digitalis would be beneficial to patients 
with complete heart-block by increasing the force of the ventricular con- 
tractions or by increasing the automatic ventricular rate; or that the lat- 
ter might serve as a therapeutic indicator of the effect of the drug. So 
far as we know, this possibility has not been considered by clinicians, and 
a definite increase of ventricular rate has not been observed during the 
therapeutic administration of digitalis to patients with complete heart- 


6. Mackenzie, J.: The Cause of Heart Irregularity in Influenza. Brit. Med 
Jour., 1902, ii, 1411 


7. Joachim, G Ein atypischer Fall von Stérung der Reizleitung im Herz- 
muskel Berl. klin. Wehnsehr., 1908, xiv, 911 

8. Wenckebach, K. F teitriige zur Kenntnis der menschlichen Herztatigkeit, 
111 Teil, Arch. f. Anat. u. Physiol. Physiol. Abteil, 1908) (Suppl.), 53. 

9. Gibson, G. A.: Bradvyeardia. Edinburgh Med. Jour., 1905, xliii, 9 

10. Osler, W The So-called Stokes-Adams Disease Lancet, 1903, ii, 516 
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block. Bachmann,” for example, found that, while strophanthus moder- 
ately slowed the auricles of his patient, it did not influence the ventricles. 

In view of the meager clinical data on this point, we shall report a 
case of complete heart-block in which active preparations of digitalis were 
given in fairly large doses over a considerable period, 

CASE 2.—Patient \ laborer, 60 years old, was admitted to the second med 
ical division of Bellevue Hospital on Nov. 27, 1908, having been picked up in the 
street during a period of unconsciousness. He had used alcohol regularly and at 
times to excess, and had had no infectious diseases except gonorrhea and a 
venereal sore. 

Examination rhis showed an enlarged heart with an accentuated second 
aortic sound and a blowing systolic murmur over the apex region The radial 
arteries were markedly thickened, and the pulse-rate was usually about 33 pet 


minute 











Course of Disease While in the hospital he had a number of typical con 
vulsive attacks Of the many venous tracings taken during his stay the great 
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Fig. 4 Chart showing effect of digitalis on the auricular and ventricular cor 


tractions of a patient with heart-block 


majority showed a complete heart-block, although at 
The first course of digitalis, consisting of one-ha 
eoun on March 18, 1908, and termi 


heart-block or none at all 


ounce of the infusion four times a day was 
nated on 
and 


chart (Fig 
3l and did not reappear until April 1 


or 11. On April 2 the apex tracings showed a ventricular arrhythmia which 


jugular tracings disappeared on March 
Wil 
due to a regular recurrence of normal and slightly premature beats 

The second course of digitalis (15 minims of the tincture four times da 


began April 10 and was terminated on April 19. On the latter day the auricula 


ll. Ina later case Bachmann (Tue ARCHIVES INT. MED., 1909, 1v, 238) obtaine 
a slight acceleration of the ventricles, under strophanthus, and a marked improve 


ment in his patient’s condition. 


times there was a partial 


April 6. Venous tracings were taken almost daily and the auricular 
ventricular rates as calculated from these are shown on the accompanying 


4). The auricular waves, which were easily recognized on the earlier 





en 


ER eee 





ee ee ee 





EE SN cn 


Loo DIGITALIS AND VENTRICULAR RATE 


waves again disappeared and did not return until April 23. On the 19th also the 
ventricles assumed a bigeminal rhythm, similar to that observed on April 2 except 
that the premature beats came earlier. At times this bigeminus was continuous 
(Fig. 5); at other times the premature contractions occurred after every other 
long interval ( Fig. 6). 

A study of the latter tracing shows that the premature contraction 
occurred 0.66 second after the normal, that the next interval was about 
1.66 second, while the final interval was about 1.83 second. The intervals 
following the extrasystoles were always slightly shorter than those sepa- 
rating the normal beats. It is usually stated that ventricular extrasvs- 
toles occurring during complete heart-block are followed by the same 
intermission as occurs between normal beats, there being no compensatory 
pause. However, a slightly shortened period such as we observed cn our 
apex tracings has been noted by others on radial tracings.’*** Their 
explanation, viz., that the extra systole is delaved in its transmission to 


the wrist, could not be applied to our patient. 
OF a an, a ee - ‘\ a 
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Fig. 5.—Bigeminal rhythm during digitalis administration to a patient with 
complete heart-block. 
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Fig. 6 Extrasystoles after every other normal beat in same patient. 


Shortly after the second course of digitalis, possibly also after the 
first, the heart-block was diminished, for, on the 26th, there was a definite 
partial block and on the 27th no block at all. It is possible that the 
diminution of the block bore some relation to the administration of digi- 
talis. 

No increase in the regular rate of the ventricles occurred during our 
administration of digitalis to this patient ; and yet it seems probable that 
his heart showed some effects from the drug. The disappearance of the a 
waves from the jugular was at first regarded as a defect in technic, but 


their second disappearance from the apex tracings during the second 


12. Wenckebach, K. F.: Kenntnis der menschlichen Herztiitigkeit. Arch. f 
Anat. u. Physiol., Physiol. Abteil, 1906, 297. 
13. Gossage, A. M.: Complete Heart Block. Quart. Jour. Med., 1908, ii, 19. 
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course of the drug suggested that this may have been due to a toxic weak- 
ening of the auricular contractions. The appearance of the extra systoles 
on each occasion also suggested a digitalis effect. It is impossible, of 
course, to draw conclusions from this single experience, though it indi- 
cates that moderately large doses of an active preparation of digitalis 
may fail to increase the ventricular rate in patients with complete heart- 
block and that, therefore, one cannot rely on such an increase as a guard 
against an overdose of the drug in these patients. 

In conclusion, we wish to thank Professors W. Gilman Thompson and 
C. L. Dana, in whose services at Bellevue Hospital these patients wer 


observed and by whose permission their histories are reported. 
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EMPHYSEMATOUS GANGRENE DUE TO A MEMBER OF THE 
COLON GROUP 
ROBERT GOLDSBOROUGH OWEN, A.M., M.D. 


IOWA CITY, IOWA 


Cases of gangrene accompanied by gas formation in the tissues have 


hee n observed I 


vr a good many years. Such cases are most common 
after tearing and lacerating wounds, compound fractures with extensive 
injury of the tissues, though they may follow slight cuts, abrasions or 
puncture wounds. 


The condition was first accurately described in 1853 by Maisonneuve. 


who called It “gaseous phlegmon.” 

The proof of the infectious nature of the process we owe to Bottini, 
who in 1875 by inoculation experiments successfully showed this charac- 
teristic. While the disease was recognized as an infectious process, it was 
not until the work of Pasteur in 1877 that any definite etiological factor 


was described. He isolated from such a case an organism called by him 


vibrion septique, but later given the name of Bacillus edematis maligni 
by Koch and Gaffky. This was the first pathogenic anaerobe discovered. 
This organism was thought to be the main factor in these cases. Such 
especially has been the view in France, but while cases showing gas forma- 
tion in tissues of man due to this organism undoubtedly do occur. too 
much importance by far has been attributed to this germ, and in general 
careful bacteriological work has been neglected. Guillemot.2 Muir and 
Ritchie,® and Brabect have reported cases in which this organism was 
undoubtedly the etiological factor. By far the most important causative 
agent in emphysematous gangrene and allied conditions is the organism 
isolated and described by Welch and Nuttall® in 1891 and named by them 
Bacillus aerogenes capsulatus, or better termed Bacterium welchii 
(Migula). This organism was ind pendently described by E. Fraenkel® 
in 1895 and called by him Bacillus phleqmones emphysematosa, but later 


he acknowledged it to be identical with Bacterium welchti. The same 


1. Maisonneuve Gazette méd. de Paris, 1853, p. 592 

2. Guillemot, L Compt. rend. Soe. de biol., Paris, 1898, x, 1017. 

3. Muir and Ritchie: Manual of Bacteriology, American ed., N. Y., 1904, 
MacMillan Co 


4. Brabec: Wien. klin. Rundschau, 1900, xiv, 145 and 167. 

5. Weleh, William, and Nuttall: Bull. Johns Hopkins Hosp., 1892, iii, 31 

6. Fraenkel. E.: Centralbl. f. Bakteriol.. 1893, xiii. 13: Ueber Gasphlegmonen, 
Hamburg and Leipsic, 1893, L. Voss. . 
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germ was probably seen by Rosenbach as early as 1884 in gaseous gan- 
grene, but he did not realize its significance. Since the work of Welch 
and Nuittall,* Fraenkel® and others, the great majority of cases of emphy- 
sematous gangrene have shown the presence of Bactertum welchu, or as 
it is called in France, Bacillus perfringens (Veillon, Zeuber), or bacillus 
of Achalme. From time to time, however, cases of emphysematous gan 
grene due to aerobic organisms have been described. According to some 
observers, such cases occur only in ‘diabetics: others assert that the condi- 
tion may arise without any evidence of sugar being present in the tissues, 
and it is in support of this latter view that I wish to present the findings 
in this case. 
REPORT OF CASI 


The patient was a man about 50 years old, brought to the university hospital 
at Ann Arbor in very bad condition. He had suffered from a retention of urine 
and his family physician, having no regular aspirating set or similar apparatus 
had punctured the bladder suprapubically by means of a large trocar about a 
quarter of an inch in diameter. When the patient was brought to the hospital 
there was a slight discharge of pus from the meatus and also from the wound 


made by the trocar. There was a small amount of gas in the tissues about the 
wound and a few gas bubbles could be expressed from the meatus along with the 
pus. The gangrenous condition rapidly grew worse and the gaseous distention of 
the adjacent tissues became more and more marked. There was not, however, the 
coppery hue seen in infections with Bacterium welchii The patient died about 


seventy-two hours after his admission to the hospital. Post-mortem examination 
showed purulent peritonitis with gaseous gangrene of the tissues about the blad 
der. Frequent examination of this patient’s urine showed sugar to be absent at 
all times. 

MICROSCOPIC EXAMINATION 


At the post-mortem examination pus was taken from the meatus, seminal 


vesicles, and peritoneum near tlhe bladder. Smears were made and plates poured 
and incubated at 37 C. The smears showed the same forms described in the cul 
tures. soth aerobic and anaerobic methods of cultivation were employed, the lat 


ter being obtained by Novy jars with pyrogallate method of oxygen absorption 

The aerobic plates of pus from the seminal vesicles and peritoneal exudate 
showed, in twenty-four hours, large numbers of round, moist, grayish-white col 
onies which spread rapidly and which showed darker center with clear outer 
zone, rather regular in outline with no marked venation In the case of the pus 
from the meatus there were also found two other organisms. one identified as a 
] 


Staphylococcus pyogenes albus, the other a short motile bacillus later identified as 


a proteus which showed no pathogenie effect on laboratory animals 

In the anaerobic cultures large numbers of colonies similar to those described 
for the aerobic plates were found in thirty-six hours No other germs developed 
and on subsequent tests these organisms proved identical with those from the 
aerobic plates. 

A culture from each source was studied and various subcultures made, all of 
which showed the same characteristics. Cultural methods described by Corne: 
and Singer* and Dudgeon and Sargent* were employed, and the laboratory strain 


7. Corner and Singer: Tr. Path. Soec., London, 1901, lii, 42 


8. Dudgeon and Sargent rr. Path. Soe., London, 1904, ly, 107 
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of the colon bacillus was carried through the same procedures as the organ- 
ism under investigation. The following are the most important characteristics of 
the germ: 

Vorphology.—aA very short bacillus, almost coccus-like in shape, especially in 
anaerobic beef-tea culture, where short threads of three or four seem to pre 
dominate. The same appearance was noted by Chavigny’ in working with his 
organism. On agar streak under aerobic conditions the bacillus form was more 
common, diplobacilli being frequently seen but no long threads. 

Votility.—Actively motile when first isolated, but this soon became a rather 
sluggish movement under artificial cultivation. 

Npore-formation None observed, 

Oxygen Requirements.—Facultative anaerobe. 

Staining Reaction.—Stains well with ordinary aniline dyes but does not stain 
by Gram’s method 

Thermal Death-point.—Killed by five minutes’ exposure to 60 C. Two-tenths 
per cent. carbolic acid did not inhibit the growth of the organism. 

Cultural Characteristics—Beef Tea: Very turbid in twelve hours with 
stringy white deposit on bottom of test-tube; no seum on surface. After several 
days the same picture was seen; at no time was there any scum found on the sur 
face of the liquid. 

Litmus Milk: Tube showed early reduction of litmus and rather slow coagu 
lation of casein. In some tubes this was not present until the third or fourth 
day, but in all cases coagulation had oceurred by the seventh day. There was no 
subsequent peptonization of the casein in ten day 8. 

Glucose Litmus Gelatin Stab: A few of the tubes showed gas bubbles in twelve 
hours, all were well split up by the end of twenty-four hours. No liquefaction of 
the gelatin in ten days. 

Plain Gelatin Stab: Good growth in twenty-four hours with small amount of 
surface spread, this becoming more marked later on. Some tubes showed gas 
formation, others did not. No liquefaction in ten days. Strains which showed 
gas production after cultivation on laboratory media for some generations lost 
this power to a considerable extent. 

Agar Streak: Moist, slightly spreading growth, somewhat raised in center 

Glycerin Agar Streak: No difference except that growth appeared to be some 


what more rapid. 


Glucose Agar Streak: Medium fragmented in twenty-four hours. 
Blood Serum: Thick, moist, white growth, no liquefaction in ten days. 


Potato: Growth thick, raised, moist and yellow-brown in color. 

Neutral Red Gelatin Containing Glucose: This medium was fragmented in 
twenty-four hours with subsequent gradual diseoloration of the red. After seven 
to ten days decoloration was complete. No liquefaction. 

Neutral Red Agar Containing Glucose: Abundant gas in twenty-four hours, 
medium decolorized completely in three to four days. 

Litmus Cane-Sugar Agar Shake: Reduction of litmus with the formation of 
a few gas bubbles. 

Litmus Mannite Agar Shake: Abundant gas in twenty-four hours with sub 
sequent reduction of the litmus. 

Capaldi and Proskauer’ Medium No. 1: Good growth and acid production in 


twenty hours 





9. Chavigny: Ann. de l’Inst. Pasteur, 1897, xi, 860. 
10. Capaldi and Proskauer: Ztschr. f. Hyg., ete., 1896, xxiii, 452. 
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Capaldi and Proskauer” Medium No. 2: Slight acidity in twenty hours. This 
same test was given by several of our laboratory strains of Bacillus coli 

Indol: Well developed in cultures five to eight days old 

The above cultures were grown at incubator temperature with the exception of 
the gelatin stabs, which were grown at the temperature of the room. Growth was 
abundant in both cases 

Sugar-free beef tea plus 1 per cent. glucose, lactose, saccharose and mannite 
were tested, and in all cases fermentation was shown. In case of saccharose this 


fermentation was slight but undoubtedly present rhe fermentation 
power on all 


tubes were 


incubated for twenty-four hours before inoculation The aerogeni« 
these media was markedly decreased after the germ had been grown for several 
In all cases control tubes of the media were 


generations on the laboratory media 
of the Bacillus coli tested along 


used and cultures from our laboratory strains 
with the germ under investigation. The germ in this case differed from our stock 
culture in being more active in reduction of litmus and less active in its action on 
saccharose in the fermentation tube 

The above characteristics place the germ in the colon bacillus group. variety 
alpha of Theobald Smith," or Bacillus coli communis of Durham.” 

Pathogenesis.—Intraperitoneal and subcutaneous inoculations of the pus were 
made but there was no effect except in one case, which is discussed later on. On 
inoculation of a pure culture into a small white rat intraperitoneally. death fol 
lowed in eighteen to twenty-four hours and the post-mortem examination showed 
veart blood in pure 


a purulent peritonitis The bacillus was isolated from the 
the case of guinea-pigs One guinea 


culture. The same result was obtained in 
pig inoculated subcutaneously with pus developed a necrotic burrowing area be 
neath the skin but no gas bubbles were found 
Bacillus coli were recovered from the lesion. When this germ was inoculated sub 


Staph yloc OCCUR pyod nes albus and 


cutaneously there appeared in the course of twenty-four to forty-eight hours a 
large red edematous swelling which subsequently healed without any necrosis or 
gas bubbles appearing. Animals all recovered from subcutaneous inoculations 

In animals inoculated subcutaneously with a mixture of our germ and the 
Staphylococcus pyogenes aureus there was more or less pus formation but no gas 
production. Animals recovered 

Welch’s” test for the aerobic variety of his anaerobic bacillus was also tried 
but with negative result. 

REVIEW OF LITERATURI 


In 1900 Welch'* discussed most thoroughly the whole literature on 


emphysematous gangrene, and stated that in his opinion Bacillus coli 


could produce gaseous gangrene only in diabetics. He states, further. 


that he thinks those who report such cases of colon gangrene with gas 


formation have confounded the organism with what he calls the aerobie 


variety of his bacillus. This aerobic germ was isolated from two cases at 


the Johns Hopkins Hospital by Lanier,’* and he considers it identical 
with an organism obtained from garden soil by Sanfelice.“ and called by 


11. Smith, T.: Am. Jour. Med. Se., 1895, ex, 283. 

12. Durham: Jour. Exper. Med., 1901, v, 363 

13. Welch, W.: Bull. Johns Hopkins Hosp., 1900, xi, 185 
14. Lanier: Bull. Johns Hopkins Hosp., 1900, xi, 185. 
15. Sanfelice: Ztschr. f. Hyg., ete., 1893, xiv, 339 
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the latter Bacillus pseudo-edematis maligni. Sanfelice was working with 
the Bacillus edematis maligni at the time, and observing the similarity 
he named the organism isolated by him as above. Klein'® found a sim- 
ilar organism in garden soil. Sanfelice in the course of his investigation 
examined soil, dust and feces from many sources, and found his Bacillus 
pseudo-edematis maligni in a large number of the specimens examined. 
All of these aerobic organisms, however, should be classed as members of 
the ubiquitous colon group. 

Muscatello and Gangitano” report five cases of emphysematous gan- 
grene, in two of which they consider the Bacillus coli to have been the 
etiological factor. These authors state that in one of these two cases 
Streptococcus pyogenes was found associated with the Bacillus colt, 
while Proteus vulgaris of Hauser was found in the other. They consider 
that the organism described by them is a variety of Bacillus coli which 
can produce gas in the tissues; but they observed that this power was 
rapidly lost when the organism was grown on the ordinary media. They 
consider the bacillus isolated by Sanfelice to be identical with their own, 
but they do not consider the organism as a new species, rather as a strain 
of Bacillus coli, differing somewhat from the classical descriptions of 
that organism. They say, “We cannot agree with those observers, Chiari, 
and Hitschman and Lindenthal, who assert that the Bacillus coli has the 
power of producing gas only in diabetics.” Experimentally, Muscatello 
and Gangitano were able to produce gaseous gangrene by the injection 
of cultures of their bacillus mixed with a strain of the proteus. Clinical 
proof of their statements is afforded by their two cases in which no sugar 
was present in the urine and in which both patients recovered ; for when 
diabetics suffer from such an infection the prognosis is grave, “simple 
infections running a progressive course marked by a necrotic character.” 

Chavigny® in 1897 reported a case of emphysematous gangrene marked 
by comparatively slow progress, in which an organism was found that 
he considers identical with the organism of Sanfelice. But Chavigny 
states that he considers it to bear a close relationship to Bacillus coli, 
although not identical with the strain which he used as a control and 
with which he was unable experimentally to produce gaseous gangrene. 
In the case of his organism, however, he was able to accomplish this by 
inoculations of his organisms plus Staphylococcus pyogenes albus or plus 
the toxin of Staphylococcus pyogenes aureus. 


16. Klein: Centralbl. f. Bakteriol., 1895, xviii, 137. 
17. Musecatello and Gangitano: Miinchen. med. Welnschr., 1900, xvii, 1303. 
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Evans?* and Heaton’® report cases ot emphysematous cvangrene due to 


Bacillus coli, but the in 
critical discussion of the 
Dudgeon and Sarg: 
very thorough bacteriok 
had at no time showed 
plates were made, and 
The aerobi plates also 
albus. Dudgeon and 


majority of which were 


formation given is too meager to be of value ina 


» subject. 

nt® report a case of gaseous gangrene in which 
gical tests were made and in which the patient 
anv sugar in his urine. Aerobic and anaerobi 
under both conditions Bactilus coli was found. 
showed the presence of Staphylococcus pyogenes 
Sargent give in detail their experiments, the 


repeated with the germ considered in this pape 


\s in our case, they were unable to get gas in the tissues of experimental 


animals either with pu 
test which Welch cons] 
aerobic and anaerobi 


pe rformed the same t 


re or mixed cultures. They also performed the 
ders essential for the identification of both his 
ras bacilli and with negative results. They also 


st with an organism described by Corner and 


Singer* as identical with Sanfelice’s Bacillus pseudo-edematis maliqni 


with a negative result. 


These results strongly corroborate the contention 


} 


of Muscatello and Gangitano that in all these cases of gaseous infection 


due to an aerobic organ 


producing strain of th 


ism we are merely dealing with a very active gas 


colon bacillus, this aerogenic power being rapid) 


lost. 

Van Dungern”®: isolated from a case of gaseous gangrene the gern 
which he considers as the Bacillus coli. He was unable to produce gas 
in the tissues of experimental animals His patient’s urine was free 
Irom sugar. 

Roth*? reports a case which he says to have been due to Ba us lactis 
aerogenes. He doubtless confounded the germ isolated in this case with 
the germ of the colon group propel Roth also cites a case of colon gan- 


ovrene reported by Margarrucci, but details of this case are la King, 


Directly in opposit 


on to the views of Museatello and Gangitano 


Dudgeon and Sargent.’ and others. stands the work of ( ari, Welcl 

Lindenthal and Hitschman,** and Corner and Singer. All of them 

assert that the Bactl/us coli can produce gas 01 in the tissues of diabetic 

patients Corner and Singer’ go a step farther and assert that the organ- 

ism isolated by them, as well as those organisms isolated DY several other 
18. Evans Lancet, London, 1808, 1, 224 


19. Heaton: Lancet. Le 
20. Van Dungern Mii 
21. Roth: Centralbl. f. 
2. Chiari: Prag. med 


madon, 1899, i, 398 

nchen. med. Wehnschr., 1893, xi, 747 
Bakteriol., 1899, xxv, 706 
Wehnschr., 1893, i, 1 


23. Lindenthal and Hitschman: Centralbl. f. Chir., 1899, xxvi, 5 
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observers were in reality what they call Bacillus edematis aerobius, the 
latter being identical with Bacillus pseudo-edematis maligni of Sanfelice. 

Westenhoeffer** reports two cases, in one of which sugar was present 
in the urine, no information being given on this important point as 
regards the second patient. He considers the gas formation in al] cases 
to be a secondary action on necrotic and dead material, and that the 
Bacillus coli acts as a pure saprophyte in such cases. A similar view is 
held by the majority of men in regard to the infections with Bact/us 
aerogenes capsulatus, Fraenkel being one of the few men who consider 
Bacillus aerogenes capsulatus as an invader of the body in normal condi- 
tions of health. Rodella®® considers that the question as to the ability of 
Bacillus coli to produce gas in the tissues of men is not yet settled. He, 
however, quotes Sandler, who asserts that there is a variety of Bact!/us 
coli which is able to produce gas in the tissues of man, and that without 
diabetes being present. 

For references regarding the chemical and toxic action of Bactertum 
welchii in gangrene and allied conditions, the reader is referred to the 


recent article by MeCampbell.** 


SUMMARY 

Cases of emphysematous gangrene may be due to anaerobic or to 
aerobic organisms. By far the most common factor is Bacillus aerogenes 
capsulatus, otherwise known as Bacterium welchti; a few cases have been 
proved to be due to infection with Bacillus edematis maligni. 

The organism isolated by Lanier, which Welch calls the aerobic vari- 
ety of his gas bacillus, Bacillus pseudo-cdematis maligni of Sanfelice, 
Bacillus edematis acrobius of Corner and Singer and the organism isolated 
by Klein, should all be considered as varieties of Bacillus coli. Certain 
cases, as described above, have shown under careful bacteriological tests 
that the gas production was due to some variety of the colon bacillus. 
Examination of the urine of these patients showed them to be free from 
diabetes, 


Medical Laboratory Building, lowa City, lowa 


24. Westenhoetfer Virchow’s Arch. f. path. Anat., 1902, elxvili, 185. 
25. Rodella: Centralbl. f. Bakteriol., 1903, xxxili, 735 
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AN EXPERIMENTAL STUDY OF THE ANTITRYPTIC 
ACTIVITY OF HUMAN SERUM * 


RICHARD WEIL, M.D. 
NEW YORK 


INTRODUCTORY 

It has recently been asserted by a number of investigators that the 
antitryptic power of blood serum affords a reliable diagnostic criterion of 
the existence of cancer. It is the object of the present paper to record 
the results of a series of observations based on this new method, and t 
give a critical estimate of the value of these results from a practical and a 
theoretical point of view. 

It has been known for many years that blood serum is capable of 
inhibiting the proteolytic power of trypsin. First made by Fermi and 
Pernossi, this observation was at once confirmed by Camus and Gley, 
Pugliese and Coggi, and in Germany by Hahn; more recent observations 
DY Kolaezek, Bittorf, Miiller, Wiens and Opie, established the fact 
beyond question. Ascoli and Bezzola in 1903 found that the antitrypti 
power of the serum was notably and constantly increased in cases of 
croupous pneumonia. Other observers determined a similar increase in 
other pathological conditions, notably the infectious diseases. In 1908 
it was shown by Brieger and Trebing’ that the increase in the antitrypti 
power of the serum was so constant a characteristic of malignant diseas 
whether carcinomatous or sarcomatous in nature—as to be demonstrabl 
in 90 per cent. of the cases. They found that the same condition was 
associated with a number of other diseases characterized by cachexia, 
including such widely different conditions as pernicious anemia, phthisis 
syphilis, arteriosclerosis, Bright’s disease, gout and amebic dysentery 
In the later publications, accordingly, they speak of the method as thi 
reaction for cachexia—Kachexie-Reaktion. They conclude, nevertheless, 
that the method, when taken in conjunction with the clinical findings, 
is of great value to the differential diagnosis of malignant disease. Von 

"From the Department of Experimental Therapeutics, Cornell University 


Medical School. 


l. Brieger and Trebing Ueber der antitryptischen Kraft des menschlichen 
Blutserums. serl. klin. Wehnschr., 1908, xlv, 1041; Weitere Untersuchungen, 


loc. cit., 1908, xlv, 1349; Ueber der Kachexiereaktion, loc. cit., 1908, xlv, 2260 
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Bergmann and Meyer,? who repeated the work, with an altered technic, 
confirm in the main the conclusions of Brieger and Trebing. They find 
that there is an increased inhibitory action of the serum, a so-called 
“positive reaction,” in 92.7 per cent. of the cases of cancer. They found a 
positive reaction to be present also in 24.2 per cent. of the non-cancerous 
cases in which they tested the serum. They fail to confirm the theory of 
Brieger and Trebing that the positive reaction is characteristic of cach- 
exia, inasmuch as it was absent in certain diseases associated with this 








condition, and present in certain of the normal, well-nourished individ- 
uals. They conclude that a “negative” reaction should be held, except 
in the presence of unquestionable evidence of cancer, to exclude the diag- 
nosis of malignant disease ; a “positive” reaction is to be regarded only as 
confirmatory evidence. Herzfeld,* using the technic of Von Bergmann 
and Meyer, found a positive reaction in 83.4 per cent. of the cases of 
cancer, of which he examined 12, and in 42.5 per cent. of the other cases, 
of which he examined 40. He concludes, therefore, that the positive 
reaction is of no diagnostic value, while the negative reaction is possibly 





sometimes of value, in conjunction with other evidence, in excluding the 


liagnosis of cancer. More recently, a considerable number of publications 


1 


have dealt with the method, and have practically confirmed the conclu- 
sions above summarized (Roche,® Hort,® Becker,® Landois*), namely. 


that the method is of very considerable diagnostic value. 


METHODS 

The methods which have been devised to demonstrate the antitryptic 
power of serum are of considerable interest. The earlier investigators 
generally used leucocytes as a ferment and gelatin plates as the object of 
digestion. ‘These methods are now of little more than historic interest. 
Miiller and Jochmann introduced the use of Léffler plates, i. e., of blood 
serum and glucose bouillon. Marcus found that a solution of trypsin 
could be substituted for the emulsion of leucocytes. Brieger and Trebing 


combined these modifications in the following method, the details of 


2. Bergmann and Meyer: Bedeutung der Antitrypsinbestimmung im Blute. 
jer]. klin. Wehnschr., 1908, xlv, 1673. 

3. Herzfeld, E.: feitrag zur Briegerschen Reaktion. 3erl. klin. Wehnselr.., 
1908, xIv, 2182. 

4. Roche, M. E.: The Antitryptie Content of Blood Serum in Malignant Dis 
ease. THe Arcuives INT. MEp., 1909, iii, 249. 

5. Hort, E.: Antitryptie Reaction. Brit. Med. Jour., 1909, p. 966 

6. Becker, G.: Der Antitrypsingehalt des Blutes in der Gynecologie. 
Miinchen. med. Wehnschr., 1909, lvi, 1363. 

7. Landois, F.: Untersuchungen iiber den antitryptischen Index des Blutes. 


terl. klin. Wehnschr., 1909, xlvi, 440. 
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which, as they state, demand exact attention in order to ensure the best 
results : 

The trypsin used is that of Kahlbaum, and should be made up 
freshly for each test in a 1 per cent. solution. The test media are plates 
of beef serum; the serum should be tested before pouring, and all serum 
is to be rejected of which the alkalinity is higher than such as to enable 
1 c.c. to neutralize 0.1 ¢.c. of decinormal hydrochloric acid. The plates 
are to be used only after they are several days old, and only those with a 
perfectly smooth surface are accepted. Blood is taken from the patients 
three or four hours after eating. One platinum loopful of the serum 
derived from this blood is mixed with from one to ten loopfuls of the 


solution of trypsin, giving ultimately ten mixtures of serum and trypsin, 
the former in constant, the latter in ascending amounts. Of each of these 
mixtures six or eight loops are transferred to the surface of the plates 
of which as many as five are generally required. The plates are then 
incubated for twenty-one hours at a temperature of 55 C. Every pre- 
caution is taken to avoid contamination of the material, and the tempera- 
ture of incubation almost excludes the growth of contaminating micro- 


organisms, while it does not interfere with the activity of the trypsin 


The results are interpreted in the following manner: 

Cases in which the serum is able to inhibit the digestive actio1 
more than five times its own volume of a 1 per cent. solution of trypsin 
are regarded as possessing distinctly increased antitryptic power, or as 
“positive ;” cases in which the serum does not equal this strength ar 


regarded as “negative,” inasmuch as the average normal serum is com- 


petent to inhibit three times its volume, and a considerable proportion 


even four or five times the volume of trypsin. The highest admixture of 


trypsin which fails to produce a visible depression, or “dell,” on the sur- 


face of the plate, is regarded as indicating the limit of inhibitory power 


on the part of the serum. 


In spite of the fact that the method is given with a certain amount 


| 


of detail, a number of important factors have been omitted, which may 


t } 


vest be mentioned here. It is necessary to use about 30 c.c. of ser 


im for 


each Petri dish. The plates after being poured are sterilized at 90, 80 
and 75 on three successive days. They are then dried by exposure to the 
temperature of the incubator for one day, and are kept in the ice-chest 
until needed. The temperature at which the serum and the trypsin are 
mixed plays, as will be shown in the body of this article, a considerable 
role in the reaction, as does also the length of time during which thev are 


in contact before being applied to the surface of the plates. It is advis- 


able. therefore. that these two varia rl factors he ex luded b a techy! 
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calculated to ensure their constancy. In place of a loop as the unit of 
measurement, I have found it advisable to substitute the use of accurately 
graduated pipettes, using 0.1 or 0.25 c.c. of serum in each test, and adding 
thereto ascending multiples of this amount of trypsin. This variation in 
technic demands larger quantities of serum, but ensures much greater 
accuracy and thoroughness of dilution. Of each of the mixtures, a single 
loop is transferred to the surface of the plates, which are incubated, as 
described by Brieger and Trebing. When the technic has been successful, 
it is very simple to determine by an inspection of the plates an equation 
between the serum and the amount of trypsin which it is competent to 
inhibit. Further details regarding the technic and the results of the 
method will be included in the body of the article. 

Jergmann and Bamberg® criticized the foregoing method chiefly on 
account of the laborious character of the technic involved. In their work 
they substituted the casein method of Fuld and Gross. In this method 
the digestive action of trypsin is tested against a solution of casein instead 
of against serum, and the activity of digestion is determined by precipi- 
tating the undigested casein at the end of a certain period of incubation 
by the addition of acetic acid. The reagents employed in the test are: 
a solution of casein, acetic acid, a solution of trypsin and the serum. 
The casein solution is prepared by dissolving 1 gm. of casein in 100 c.c. 
of a decinormal solution of sodium hydroxid, with the help of a moderate 
degree of heat; this solution is made neutral to litmus by means of deci- 
normal hydrochloric acid, and is finally brought up to 500 c.c. by the 
addition of 0.85 per cent. sodium chlorid. The acetic acid is in a 5 per 
cent. solution in 45 per cent. alcohol. The trypsin solution is made by 
adding 0.5 gm. of Griibler’s trypsin siccum to 50 c.c. of a 0.85 per 
cent. solution of sodium chlorid, to which has been added 0.5 c.c. of a 
normal soda solution ; this solution is then diluted ten-fold with 0.85 per 
cent. salt solution. The final strengths are, therefore, casein in a 0.2 per 
cent. solution and trypsin in 0.1 per cent. solution ; the serum is made up 
into a 2 per cent. dilution in physiological salt solution. It was found 
that 0.5 c.c. of this trypsin when added to 2 c.c. of the casein and incu- 
bated ior one-half hour, vielded no precipitable 1esidue on the addi- 
tion of the acetic acid; 0.4 ¢.c. of trypsin, however, yields a slight pre- 
cipitate ; the former amount is, therefore, the minimal quantity necessary 
to ensure complete digestion of the casein. The antitryptic action of 
the serum is measured in the following manner: Into each of six test- 





8. Bergmann and Bamberg: Zur Bedeutung d. Antitrypsins im Blute. Berl. 
klin. Wehnscher., 1908, xlv, 1396. 
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tubes is measured 0.5 c.c. of the 2 per cent. dilution of serum; to each in 
turn is then added an increasing amount of trypsin, beginning with the 
above-determined 0.5 c.c., the minimal quantity necessary for complete 
digestion, and increasing the amount by 0.1 c.c. in each tube of the 
series; the total quantity in each tube is brought up to 1.5 c.c. by the 
addition of physiological salt solution. Two c.c. of the casein solution is 
now added to each tube, and, after thorough shaking, they are incubated 
for half an hour in the thermostat at 100 F. At the end of this time, the 
contents of each tube are carefully made acid by the addition of the acetic 
acid drop and drop, and readings are taken to determine in which tube 
of the series the first precipitation occurs, in other words, what quantity 
of trypsin is just sufficient to overcome the inhibitory action of 0.01 c.c. 
of the serum. Normally, serum inhibits 0.6 c.c. of the trypsin, and cases 
in which the inhibition does not exceed this value are denominated 
“negative” (—); cases in which the serum fails to reach this value are 
denominated —-—; cases in which the inhibitory power neutralizes 0.7 
c.c. of trypsin are denoted as + ; serums which neutralize 0.8 and 0.9 c.c. 
are classed as + ; serums of still higher strength as ++. This method 
has been accepted almost in detail by Herzfeld. It has been criticized by 
Brieger® on the grounds that the subjective element plays a considerable 
role in the estimation of the precipitate, that the acetic acid yields a pre- 
cipitate with the albumin of the serum employed in the test, that the 
addition of a slight excess of acetic acid would convert the casein into a 
soluble acid-albumin, and that the antitryptic action of the serum may 
be lost in the high degree of dilution to which it is subjected in the test. 
None of these criticisms offers in the least degree a valid basis of argu- 
ment against the reliability of the method, which is certainly both more 
delicate and more manageable than that of Brieger and Trebing. In 
my own experiments, after a thorough trial of the technic just described, 
I have found it advisable to make certain changes in the details of the 
method. I have used casein in 0.1 per cent. solution in 0.1 sodium car- 
bonate, trypsin in 0.1 per cent. solution in 0.85 per cent. sodium chlorid, 
and serum in a 2 per cent. dilution. ‘The same quantities of these 
reagents were used as in the experiments of Bergmann and Meyer, but 
the trypsin was added last, on the basis of experiments to be described 
in the body of this article. Incubation is continued for two hours, after 
which 0.2 c.c. of the 5 per cent. acetic acid is added to each tube. These 
slight alterations in technic, notably the use of half the strength of casein 
in solution, shift the figures, but do not otherwise affect the results. 


9. Brieger: In report of discussion. Berl. klin. Wehnschr., 1908, xlv, 1415 
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EXPERIMENTAL 

It seemed advisable to make certain preliminary experiments in order 
to determine the conditions which might produce variations in the final 
results. Two such variable factors were determined, and care was taken 
to eliminate them in the subsequent work. 

The length of time during which the trypsin and the serum are in 
contact before being added to the casein was found to play a very consid- 
erable réle in determining the amount of digestion undergone by the lat- 
ter. This was shown by the following experiment: 

In a series of six tubes, the usual trypsin solution was added in 
ascending amounts, from 0.3 to 0.8 c.c., to 0.5 c.c. of 2 per cent. serum. 
A second (duplicate) set of mixtures was prepared. The contents of the 
first set of tubes was at once added to six tubes containing 2 c.c. of the 
casein solution; the contents of the second set was added in the same 
manner, after a delay of fifteen minutes. Both sets were incubated for 
two hours, after which acetic acid was added. In the first set, precipita- 
tion occurred with 0.4 ¢.c. of trypsin, in the second with 0.6 c.c. of tryp- 
sin. These results agree with a previous observation made by Hedin. In 
order to eliminate this factor, it was made a rule in the experiments to 
invert the order of procedure suggested by Bergmann and Meyer, mixing 
first the casein and the serum, and adding the trypsin last, in rapid suc- 
cession to all the tubes. 

The temperature of the mixtures previous to mixing was found by a 
series of comparative tests to influence very materially the degree of 
digestion which occurred during incubation. To obviate this difficulty, 
the solutions were always made up with water at a temperature of 70 F. 

It has always been assumed by Bergmann and Meyer that the results 

yielded by the serum plate and by the casein methods would be identical, 
and the close similarity between the statistics obtained by them and by 
srieger seemed to substantiate this view. Theoretically, however, it is 
perfectly justifiable to question this assumption, and it seemed to me a 
necessary precaution to test a number of serums according to both 
methods, in order to see whether in each case the results would prove 
identical. This was done with six serums, which differed considerably in 
their antitryptic power. 


TABLE 1.—COMPARISON BETWEEN THE RESULTS OBTAINED BY THE SERUM 
PLATE AND THE CASEIN METHODS, WITH SIX SERUMS* 


Serum .... oe l 2 3 4 5 6 
Plate method , ror 1:6 1:7 1:9 1:5 1:3 
Casein method 5 ‘ 0.3 0.4 0.5 0.6 0.4 0.3 


* The notation of results is that contained in the previous description of the methods. 
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The correspondence between the results by the two methods is quite 
close. It may be regarded as settled, therefore, that the results obtained 
by one method may be unhesitatingly translated into figures of the other. 
Consequently, there can be no further reason for adhering to the plate 
method, as is done by Brieger, in spite of its greater difficulty and 
intricacy. 

The number of serums tested in the present series amounted to 104. 
Of these 46 came from cases of cancerous new growths, 34 from other 
diseased conditions, and 24 from normal individuals; 3 cases of facial 
epithelioma were not included among the malignant diseases, inasmuch 
as they were all characterized by the absence of those symptoms considered 
typical of cachexia, anemia and shortening of life. The distribution of 
results can better be judged from a table than from a detailed discussion 
of the cases. In Table 2 the number of cases, and the corresponding per- 
centages of the total number in each group of conditions, are stated in 
the column corresponding to that fraction of a cubic centimeter of tryp- 
sin which totally neutralized the inhibitory power of the constant quan- 
tity of serum used in the tests, namely, 1 c.c. of a 2 per cent. solution. 


TABLE 2.—RESULTS IN 104 SERUMS TESTED 


CANCER CASES 


0.1 0.2 0.3 0.4 0.5 0.6 0.7 Total 
Number H 16 18 2 6 16 
Per cent. 0 0 9 35 10) } 12 


Number 2 10 12 10 34 
Per cent. 0 7 ry a) 29 0 0 

NORMAI 
Number .. 2 14 8 24 
Per cent..... 0 9 58 33 0 0 0 


Certain striking features of this table are at once evident. It is 
noticeable that 16 per cent. of the cancer cases show inhibition above 0.5 
of trypsin, whereas none of the other serums reach this degree of activity. 
On the other hand, none of the cancer serums fall below 0.3, whereas 
other conditions average 8 per cent. below this figure. The mean of the 
cancer cases is 0.575, the mean of the other diseases is 0.44. The mean of 
normal serums is 0.369. Looked at from another standpoint, the table 
shows that 56 per cent. of the cases of cancer fall above 0.4, whereas only 
29 per cent. of the serums from other diseases belong in this category, and 
the normal serums without exception fall below 0.5. 

These results may be considered either from the standpoint of their 


diagnostic value, or as purely biological phenomena, of interest as bearing 
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on the general problem of cancer. Diagnostically, it is at once apparent 
that serums which inhibit more than 0.5 c.c. of the trypsin solution are 
with a very high degree of probability to be classified as of cancerous 
origin. On the other hand, so small a percentage of cancer cases falls 
within this group—about 16 per cent.—that the advantage derived is 
of rather smal! significance in the solution of practical clinical problems. 
If the inhibition of 0.5 c.c. of the trypsin be taken as the criterion, it is 
found that 56 per cent. of the cases of cancer and 29 per cent. of other 
conditions fall together in this wider group. Unquestionably, the over- 
lapping of the cancer serums by those from other diseases in this group 
appears to be much too extensive to permit of any diagnostic conclusions. 
On the other hand, if the 10 serums from other diseases falling under 0.5 
be analyzed, it is found that 4 came from cases of typhoid, 2 from cases of 
sepsis and 4 from cases of advanced tuberculosis. It is obvious that these 
or similar diseases could, in the great majority of cases, be easily identi- 
fied, and that, therefore, the diagnosis of cancer could with a certain 
degree of probability be predicated from the determination of this degree 
of inhibitory activity in a serum, by a process of exclusion of the other 
conditions which might give rise to similar degree of inhibition. This 
conclusion, unsatisfactory as it is, agrees substantially with that drawn by 
Herzfeld. On the other hand, in view of the fact that only a little more 
than one-half of the cancerous serums evince this degree of inhibition, it 
is clear that a lower degree of inhibition—a so-called “negative result”— 
cannot be interpreted in the slightest degree as evidence against the 
existence of cancer. If, however, a serum falls below 0.4, there is a prob- 
ability of 90 per cent. that it does not belong to a case of cancer. 

The conclusions which may be drawn from the determination included 
in this series agree in some particulars with those of the German observers, 
while they differ in others. In the first place, it appears that Bergmann 
is correct in objecting to the description of the reaction as characteristic 
of cases of cachexia. A considerable number of the cases of cancer which 
possessed an inhibition of 0.5 were not in the least cachectic, and the same 
holds true of several of the serums from other diseases falling in the 
same group. On the other hand, some of the serums evincing a lower 
degree of inhibitory activity were taken from distinctly cachectic indi- 
viduals. 

The distribution of the cases differs somewhat markedly from that 
determined by Brieger and by Bergmann, since in the present series the 
percentage of cases of cancer showing a high degree of inhibitory activity 
is considerably smaller, while the percentage of other diseases is consid- 
erably larger than those found in the earlier observations. The figures, 
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however, compare very satisfactorily with those found by Herzfeld. The 
differences are probably attributable in part to certain differences in tech- 
nic, but chiefly to a different selection of cases, inasmuch as the controls 
of the present series were chosen, in very large part, from such diseases 
as are known to give an increased antitryptic index, namely, the infec- 
tious conditions. 

Judging the reaction from the standpoint of its purely theoretical 
interest, it must be admitted that the data are unfortunately not of a 
character to permit of any very fundamental deductions. In the first 
place, it is apparent that increase in the inhibitory value of a serum is 
not at all exclusively characteristic of cancer, and in the second place 
that a considerable number of advanced cases of cancer do not evince any 
such increase. A comparison of the mean value of cancer serums, 0.515, 
with those from other diseases, namely, 0.44, indicates that the increment 
in cancer as compared with other diseases is a matter of degree rather 
than of kind. On the other hand, it must be admitted that this differ- 
ence, although simply and solely one of degree, and not of kind, is a very 
striking characteristic of more than half the number of cases of cancer, 
while it is entirely lacking in normal individuals, and is present in other 
conditions generally as an accompaniment only of very severe and serious 
general infections. In cancer, it may be present before there is any 
cachexia or marked impairment of the general health. The explanation 
of this phenomenon is one which must be considered of great interest in 
its bearing on the influence exerted by the cancerous growth in its host, 
the human patient. 

As is now fairly well understood, this problem is second in interest 
only to that concerning the origin of the disease itself. The cause of a 
great part of the distress of malignant disease, and in a large proportion 
of cases the direct cause of the fatal outcome, or of susceptibility to the 
intercurrent causa mortis, is the anemia, weakness and cachexia caused 
by the neoplasm. The nature of this influence exercised by the growth 
on the general economy is, however, entirely obscure. While certain 
investigators attribute these effects to a soluble circulating toxin (Ley- 
den*®) secreted or produced by the growth, others absolutely deny any 
such effects, and trace the general deterioration directly to the local dis- 
turbances of nutrition produced by the mechanical conditions of the 
growth. They assert, in other words, that maiignant tumors cause dis- 
turbances of nutrition only to a degree which would be exactly paralleled 
by benign tumors occupying the same spatial relationship (Blumen- 


10. Leyden: In discussion. Deutsch. med. Wehnschr., 1904, xxx, 1486 
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thal"). Unquestionably, the existence of such a change in the serum as 
that denoted by the increase of its antitryptic power in cases of cancer 
has an important bearing on this general problem, and it is of importance 
that it should be properly understood. 

For a number of reasons, however, a satisfactory explanation of the 
phenomenon is at the present time impossible. In the first place, it does 
not seem to have been as yet appreciated by any of those who have dealt 
with this problem that they are not actually, as they are apparently, 
measuring the antitryptic value of the serum in this reaction. Some 
years before the antitryptic reaction was discovered, it was shown by 
Delezenne and Pozerski, and by Hedin,’* working with different meth- 
ods, that serum contains not only an antitryptic element, but also a 
tryptic (or trypsin-like) ferment. The former is contained in the albu- 
min fraction of the serum, the latter in the globulin fraction. The 
same conditions have been found to maintain of a rennet-like ferment, 
and of antirennin, which exist side by side in the serum of the horse. 
The interpretation of these facts offers certain difficulties from a theo- 
retical standpoint, but the facts themselves seem to be very definitely 
established. It follows, therefore, that the antitryptic reaction is a meas- 
ure, not of the amount of antitrypsin in the serum, but of the balance 
between trypsin and the antitrypsin which the serum contains. The 
increase in the inhibitory activity of a serum might conceivably mean that 
the antitrypsin had remained constant and the trypsin had diminished, 
or that both had increased, but the antitrypsin to a greater extent, or 
that both had diminished, but the trypsin to a greater degree. It is 
apparent, therefore, that the present methods reveal only the most ele- 
mentary data regarding the amount of antitrypsin in the serum. 

In the second place, although the reaction has been very generally 
called an “antitryptic” reaction, there is no valid reason at the present 
moment for so regarding it. It is antitryptic in the sense that it measures 
the inhibition of tryptic activity, but not necessarily in the sense that it 
measures the amount of antitrypsin or antibody to trypsin. In the same 
way all human serums to some extent inhibit the hemolytic effect of sapo- 
nin; it would, however, be entirely unjustifiable to argue from this fact 
to the existence of an “antisaponin.” It is, however, a matter of very 
considerable importance in the interpretation of the “antitryptic” value 
of serums to determine whether or not these values are to be regarded as 

11. Blumenthal, E.: Untersuchungen, ete. Verhandl. d. Komm. f. Krebsforsch. 
Deutsch. med. Wehnschr., 1904, xxx, 1483. 

12. Hedin, 8. G.: Biochem. Jour., 1906, 484; Antitryptie Action of Serum 
Albumin. Jour, Physiol., 1904, 391. 
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attributable to the presence of varying amounts of true “antitrypsin.” 
The assumption that such is actually the fact has led to the formulation 
of two theories of the mode of origin of this antitrypsin. By those who 
consider the increase in antitryptic value as fairly characteristic of cancer, 
its presence is explained as a protective reaction to the occurrence of a 
circulatory trypsin, or trypsin-like ferment, derived from the cancer. 
That such ferments occur in considerable quantities in cancer has been 
amply demonstrated by Buxton and Shaffer.’* By another set of investi- 
gators, notably Wiens and Schlecht,'* the antiferment is interpreted as a 
specific reaction to the presence of a circulating trypsin of the same char- 
acter, freed, however, by the disintegration of the polynuclear leucocytes, 
which are well known to contain such a ferment. These investigators 
believe that there is a very distinct relationship between leucocytosis and 
the degree of antiferment activity, and they explain on this basis the 
occurrence of the reaction both in cancer and in certain infectious condi- 
tions. Plausible as this theory appears, especially when illustrated by 
parallel curves of leucocytosis and of antitryptic activity, it is beset by 
certain very material difficulties. It is, for example, very difficult on this 
basis to explain the fact that in rabbits the leucocytes possess practically no 
tryptic power, or at the best a very slight degree, while their serum has a 
notable degree of antitryptic activity ; in dogs the conditions are reversed. 
It is evident, therefore, that before any attempt can be made to explain 
or interpret the increased antitryptic activity of serums in certain condi- 
tions of disease, notably cancer, it is imperative to determine the charac- 
ter and the cause of this activity. It is not permissible to assume that it 
is due to the presence of an antitrypsin. It is perfectly conceivable that 
this form of activity of serum is simply an accidental function of the 
serum globulin, and that it varies in proportion as this varies, in which 
case it would belong in the same category as the “antisaponin” activity 
of the serum. At all events, until these crucial questions are settled, it 
is hardly reasonable to expect any further advance in the interpretation 


} 


of the interesting biological phenomenon which forms the subject of this 


i il 


paper. 
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SOME CASES OF LOW TEMPERATURE 


J. F. MUNSON, M.D. 
Resident Pathologist, Craig Colony for Epileptics 
SONYEA, N. Y. 


In the course of the medical work of this institution, there have been 
found, not infrequently, patients whose temperatures are too low to be 
registered by the ordinary clinical thermometer. Observations with crude 
substitutes in one or two cases showed that surprisingly low temperatures 
were reached. In order that these cases could be properly recorded, 
special thermometers were procured, reading to a very low point, and an 
order issued that in all cases in which the temperature was too low for 
the ordinary instrument, one of the special thermometers should be 
obtained and a physician on the service should control the readings by 
personal observation. 

Various errors may enter into such work, as follows: 

1. Inaccurate instruments. The instruments used are standardized 
only between 95 and 110 and had the ordinary certificate of accuracy. 
The lower readings were not tested. One of the instruments used, how- 
ever, has been sent to the Bureau of Standards, Washington, and their 
report shows that the average error is + 0.25 degrees. 

2. Too short exposure to the body temperature to obtain proper reg- 
istration. ‘The physician’s observations should control this point. Ten 
minutes in the rectum is our rule in this class of patients. 

3. Inaccurate readings. The low temperature should be occasional 
and inconstant, were this factor of importance. 

1. The condition of the rectum. It is almost a routine procedure to 
give cleansing enemas in our low-grade cases in the sick ward, so great 
are the dangers from constipation. These enemas are naturally hot and 
should tend to raise the temperature. 

5. These cases have occurred at intervals in several different services. 
This eliminates to some extent the personal equation, in that similar 
observations have been made by several different physicians and nurses. 

6. The regular course of the fall is proof of the general accuracy of 
the work, as the curve would be irregular, were the low temperature 
due to any of the sources of error above cited. There are two cases pre- 
sented below in which the course of the temperature is quite irregular, 
but in these, the readings check one another during the rise and fall. 
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It is with some hesitation that I submit these cases. Of late, I have 
used every opportunity to question institutional people on this subject, 
and my statements have been met at times with lifted eyebrow or open 
skepticism. There are, however, occasional reports of such conditions in 
the literature. Osler? quotes a case of acute alcoholism, in which the tem 
perature on admission was about 75 and ten hours later had risen to 91. 
Ziegler states that complete recovery has been observed in man after 
reduction of the body temperature to from 75 to 86 F. 

There are numerous cases in our records in which temperatures of 


} 


94 to 96 F. are recorded, but these have not been included in the present 
report. There were 18 cases which seemed worthy of note. 


CASE 1.—Patient, E. C., No. 1767, an epileptic idiot female, admitted 
March 1, 1905, aged 14. On December 12 it was observed that she looked ill and 
she was put to bed. Her temperature was found to be 91.2, pulse 70, respirations 
18. She groaned as if in pain. Head and lower extremities strongly flexed 
Increased vesicular breathing Abdomen rigid: recti stood out distinctly 
tympanitic; pressure caused pain. Later in the day the temperature was below 
90 per rectum, the thermometer registering no lower 

The following day the temperature rose to 95 and she vomited twice, the first 
material having a fecal odor and the second that of the ordinary stomach contents 
At the end of the day she was much weaker and vomited again. She died at mid 
night. A temperature four hours previously was not above 90 F. Autopsy showed 
pulmonary tuberculosis and partial obstruction of the ascending colon 

Case 2.—Patient, S. F., No. 541, female, admitted Jan. 11, 1900. aged 14 
years; feeble-minded. In the latter part of 1905 she suffered with enteritis. This 
improved, but she died of pulmonary tuberculosis. The last day, between 4 a. m 
and 7 a. m., the patient’s temperature sank from 98 to 92. She died at 11 a. m 

CASE 3.—Patient, M. H., No. 2072, female, admitted Oct. 9, 1906, aged 17 
fair mentality. On March 4, 1907, she refused her food and in the afternoon was 
found in a state of collapse, pulse regular but small and weak. Marked pulmonary 
signs. When first observed, pulse was 120, respirations 30 and temperature 96.2 
In the course of four hours the patient died with a temperature of 92.1 F. and 
respirations of 8 per minute. General tuberculosis was found at autopsy, th« 
immediate cause of death being perforation of a tuberculous ulcer of the bowel 


CASE 4.—Patient, H. E. H., No. 2025, male, admitted June 21, 1906. aged 61 


was quite demented. In November, 1907, the patient had erysipelas For some 
time after the patient’s temperature was about normal; it suddenly dropped to 
95.8 F. to return at once to 98.8 F. and once again to drop to 89.4 F., after whicl 
it again rose to 99.4 F. It continued slightly subnormal for some time, and then 
was normal with only two sharp drops to 94.2 F. and 94.4 |} Later the temper 
ature became rather irregular, and dropped in two days from 99.4 F. to 89.6 I 
Afterward it twice went to 94 F., and then ranged from 97 to 98 F., with occa 
sionally 95.5 F. to 96 F. Shortly before death it was 95 and rose at death to 


98 F. Pulse had disappeared toward the end. Brain showed slight internal hydr 
cephalus and marked arteriosclerosis 
CaSE 5.—Patient, T. F., No. 897, male, admitted at 15. became a demer 


remaining in the colony seven years. He gradually declined and was put to bed 
in the sick ward. The temperature, pulse and respiration were normal but the 


1. Osler: Principles and Practice of Medicine, 4th ed., p. 380 
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patient appeared weak and excited on Nov. 11, 1907. On the 17th it was noted 
that the patient’s temperature was subnormal and his body quite cold. The pulse 
was feeble and he was stimulated by strychnin and whisky and hot-water bottles. 
The temperature was 79 F. and later in the day dropped to 75 F. one hour and 
twenty-five minutes before death, this being the lowest temperature noted. Autopsy 
showed old tuberculosis, with some active changes, and chronic parenchymatous 
nephritis. 

Case 6.—Patient, No. 1305, male, admitted Nov. 30, 1902, at age of 25; an 
imbecile. Erysipelas in 1904, possible tuberculous abscess of ensiform process, 
which recurred once in 1905. Ulcer on neck in 1906. He was an idle dement in 
fair physical condition. Early in 1907 he began to degenerate physically, and on 
April 20 it was noted that his skin was unusually cool and it was found that his 
temperature was 95 F., with no pulse at the wrist, dropping to 78 F. and rising to 
about 82 to 83 F. at death. There were no pulmonary signs. Respirations ranged 
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Chart 1.—Low temperature in Case 6. 


from 32 to 42, and two hours before death they were 36. Blood-counts showed 
marked leucopenia, the average count being between 1,200 and 1,500 whites per 
e.mm. Autopsy showed peculiar shape of tentorium with unusual shape of the pos- 
terior part of the cerebral hemispheres, arteriosclerosis of the cerebral vessels, 
bronchopneumonia and interstitial nephritis, caseated mass in the wall of the 
right ventricle, to which the pericardium was closely adherent, and fatty liver. 
Case 7.—Patient, H. C., No. 1703, female, admitted Dec. 12, 1904, aged 41; a 
dement in feeble physical condition. Several minor infections were noted during 
the residence at the colony, among them, erysipelas of the leg and thigh, and later 
bed-sores. The last notes show that there were cough, bronchial breathing, and 
tympanitie note over the left apex in front, without rales. Pulse weak. At the 
last the respirations varied from 18 to 30 and the pulse from 70 to 128. The 
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temperature was 98 F. on the 31st, 96.8 F. on the Ist, 97.2 on the 2d, 94.2 on the 
3d, 97 on the 4th, and death at 92 F. on the 5th 

CASE 8.—Patient, F. W., No. 434, female, admitted in December, 1898, aged 
25; feeble-minded. The later notes report her as a medium-grade imbecile in good 
general health. On March 10, 1908, she refused her supper and, looking ill, was 
put to bed. She was slightly stuporous but said she felt well. Temperature 94 


F., pulse 48, respirations 22 Extremities, breasts and forehead were cold 
Auscultation showed moist rAles in the bases and in the right axilla. There was 
also impaired resonance and harsh breath sounds over the upper front Phe 
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patient steadily failed and the last temperature recorded before death w 9] 
pulse 70, respirations 40 

Case 9.—Patient, C. C. R., No. 1860, female. admitted Aug. 31, 1905, aged 15 
an epileptic idiot. During her residence here there was one attack of enteritis 
and occasional subnormal temperatures. On November 19 the temperature was 
90.4 F. On the 25th. temperature was 91 or below, as this was the point to which 


the mereury column had been shaken down and no rise had take 
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Chart 3.—Case 8 
were present. Collapse, prostration, emaciation marked her illness. The temper 
ature rose but she died, her temperature at death being 97.2 I Autopsy showed 


fibroid phthisis. 


Case 10.—Patient. F. R.. No. 353, female, admitted July 13, 1898, aged 47 
mental status fair. It was stated later in her residence here that she probably 


had interstitial nephritis In 1906 there were signs of beginning tuberculosis 


On Sept. 21, 1906, she showed slight trace of albumin in the urine with epithelial 
and waxy casts. There was some edema of the ankles and nausea and heada¢ 
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increased blood-pressure, and roughened aortic second sound. Some nausea and 
vomiting continued. October 23 there was labored breathing. The temperature 
dropped from 99 F. to 90 F., the extremities were cold and the pulse irregular and 
weak. The urine contained albumin but no casts. The patient’s condition gradu- 
ally failed and she died Oct. 25, 1906, the temperature having dropped to 89 F. 
and then risen to 91 F. 
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Chart 4.—Case 9. 

Case 11.—Patient, G. L. P., No. 1696, male, admitted Nov. 30, 1904, aged 20: 
mental condition poor. Pulmonary edema and hemorrhage were reported three 
times. Unfortunately, the later clinical notes are not available, but from personal 
knowledge the patient had erysipelas and was recovering when the temperature 
began to go down as noted in Chart 6. The temperature dropped to 90.6 F., rose 

again to 97.2 F., and shortly before death was 87.5 F. 





Chart 5.—Case 10. ° 


CASE 12.—Patient, A. C., No. 1854, female, admitted Aug. 31, 1905, aged 24. 
In May, 1907, she complained of pain in the region of the right kidney. This con- 
tinued and there was slight nausea and vomiting. The temperature was 97 F., 
pulse 78, respirations 24. She was thirsty and the legs were slightly edematous. 
There were a few moist rales in the bases of both lungs. Her condition grew worse 
and the pulse at the wrist disappeared. A urine examination a couple of days 
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before death showed albumin and sugar, with easts. The condition became stead 


ily worse and the patient died six days after the first complaint of pain in the 
back, heart-rate being 64. Temperature reached 89.8 F., rising to 95.2 at death 
\utopsy showed small nodule of solidification in the upper lobe of the right lung 


‘probably tubercular.” Capsules of kidneys were adherent and the surface was 
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Chart 6.—Case 11. 


pale and mottled. The usual striations were not easily seen. Histologic examina 
tion showed parenchymatous nephritis, 

CASE 13.—Patient, R. N. F., No. 521, male, admitted Nov. 21, 1899, aged 12 
During his residence at the colony he 


On Dee. 1, 1906, this boy had seria] 


pancreas normal 


gor ul. 


Mental condition on admission 
deteriorated both mentally and physically. 
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Chart 7 (ase 12 


h recurred on the 9th. A subnormal temperature developed, a tem 


F. being noted on the Ist, 94.5 on the 6th, 78.5 on the 12th, and 76 


seizures, whic 
perature of 95 
F. at the time of death. 
Respirations were generally 18. 


Pulse was impalpable at the wrist and varied from 


to 06 
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admitted June 19, 1905, aged 
developed serial 


Patient, G. W. S., No. 1804, male, 
1014 years; feeble-minded. About a month after admission he 
attacks and rapidly sank into unconsciousness and died Aug. 2, 1905. The tempet 


ature ran an irregular course, reaching 102.4 F. at the highest point. As death 
The pulse was rapid 


CASE 14 


Respiration- 


approached, the temperature fell, reaching at death 81 F. 


being 114 to 148. Shortly before death the pulse rate was 90 to 96. 


on the whole gradually rose, 14 being the lowest and 60 the highest. 
Patient, J. B., No. 747, male, aged on admission 52. This patient 
in the spring of 1908, of hematuria, which condition existed in vary 
On April 16, 1909, the 


Case 15 
complained, 
ing degree till death 
dropped to 97 F. 


\ tumor was strongly suspected. 
temperature following this for a few days it remained approx 
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imately normal and on the 20th dropped to 96. It remained at this point t 
end of the 22d, when it fell to 93-94, and dropped again on the 24th to 91 Phis 
of the 26th, when another drop took place, S87 being 


continued till the latter part 
reached. On the latter part of the 27th temperature rose to 91, after whicl 
steady fall took place throughout the 28th, ending early in the morning of th 
patient at a temperature of 73 F. The pulse has 
and was for some time slowed t 


Autopsy sl 


9th. with the death of the 
e imperceptible at the wrist 60 
Respirations not accelerated 
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l7 Patier IF. WK. No. 390, female, aged 56 on admission On Fel s 
was noted that she appeared weak and she was put to bed There we 
bruises and an infected toe from which the infection had extended ut 
fhe infected area was incised and dressed Ihe patient presents 
the temperature being low, the pulse weak and respiratior 
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What role is played by the fact that these people were epileptics, with 
a naturally unstable nervous system, is impossible to state. Theories as 
to the causation of this condition might be: 

Intoxication from absorbed bacterial or other toxins 

Disturbance of the heat-regulating mechanism 

Deficient oxidation. 

Failure of circulation 

It is interesting to recall here that bacterial cellular poisons, as well 
as some of the poisons to be derived from the proteid molecule, cause in 
experimental animals a fall of temperature quite similar to that seen in 
some of these cases, especially in Cases 13, 14, 15 and 18. The rapidity 
is, of course, very different, days being consumed in the human cases 
here mentioned, whereas hours are consumed in the animals. 

In conclusion, T wish to thank my co-workers at the Colony for the 
use of the clinical material from their services and for their helpful 


suggestions 





THE PROBLEMS OF EXPERIMENTAL NEPHRITIS 


RICHARD M. PEARCE, M.D 
NEW YORK 

Our present knowledge of nephritis is the result of the methods of 
clinical observation, pathological anatomy and experimental pathology, 
successively applied. By means of the first of these, Richard Bright, in 1827, 
demonstrated that albuminuria and dropsy had an intimate relation to 
certain pathological changes in the kidney. Studies in pathological anat 
omy during the following years led to the differentiation of several types 
of nephritis, and, finally, to a classification based on morphological alter 
ations. I do not think it an exaggeration to say that clinical observation 
has added little of essential importance to Bright’s original conception of 
eighty years ago, or that pathological anatomy has added little to 
Weigert’s classification, which has been generally accepted for thirty years 
Bright’s views, it is true, have been amplified, certain phases of the rela- 
tion of renal disease to cardiovascular disturbances have been more clear]\ 
understood, and much negative evidence concerning uremia and edema 
has accumulated; but little has been added by clinical methods to our 
knowledge of the interrelation between a kidney lesion and its manifes- 
tations. The methods of pathological anatomy have given a classification. 
based on careful study of the gross and minute lesions of nephritis, and 
with these have been correlated in a more or less satisfactory way clinical 
manifestations and changes in the urine. This most important period 
of anatomical study began In 1851, with Fre richs, who considered all 
forms of nephritis as stages of a single process, beginning as an acute 
nephritis and ending as the sma cranular kidney : the period terminated 
with Weigert, who, in 187%. demonstrated conclusively that Frerichs’ 
stages do not represent the successive changes of a single lesion, but art 
distinct types of nephritis, caused by various injurious substances acting 
during varying periods of time, and representing the varied reactions of 
kidney tissue thus influenced. Weigert’s view is the one held to-day 
More recent studies by improved histological methods have added to our 
knowledge concerning certain details, especially in regard to the glomeru- 


lar changes, the sequence of lesions, and certain unusual types of nephritis, 


Harvev Lecture. Delivered Oct. 30, 1909 





eee ee 


an 


oe oh ee 








tie 


ee ene 


134 EXPERIMENTAL NEPHRITIS 


the methods ol pathological anatomy offer no promise ol an interpre- 
tion ol the important problems of this many-sided disease. 

The application of the experimental! method to the study of renal 

seave is not a recent development. For many years experimental lesions 
of the kidney have been utilized, and with gratifying results, in the study 
of the sequence of the histological changes occurring in nephritis. With 
such studies, essentially anatomical in nature, have been combined, in 
recent years, investigation by methods which allow an interpretation of 
hanges in function, upon which morphological studies throw no light. 


] 


Such investigations necessarily demand the methods of chemistry and 
physiology; and we have witnessed in the past few years the curious 
spectacle of pathologists turning from the methods in which they were 
trained to those of the physiologist and chemist in which presumably 
they had, originally, little or no training. Investigation by such methods 
s termed “experimental pathology” merely because the pathologist, 
despairing of the anatomical method, has seen fit to adopt them in thy 
study of altered function. It is to such methods that we must look for 
in advance in our knowledge beyond that which has been possible by th 
methods of clinical medicine and pathological anatomy; and if the path- 
logist is criticized, as frequently happens, for appropriating the methods 
of other sciences and for applying to the field of endeavor thus created 
the term “experimental pathology,” it is sufficient to point out that the 
physiologist and the chemist, as well as the pharmacologist who shares 
the same methods, have with few exceptions limited themselves to the 

d of normal function. 

That nephritis has been one of the principal objects of attack by 
these methods is in part due to the importance of the disease, and in part 
also to the fact that the kidney lends itself very readily to experimental 
stud) And, moreover, although the results of experimental study may 


not alwavs be applied to explain disease in man, it must be evident that. 


owing to the peculiarities of the structure and function of the kidney. 
results of experimentation with this organ have a very definite applica 


tion. Thus, some aspects of etiology, the almost specific action of certain 


i 
substances In picking out certain kidney structures, the character ol 


lesions, questions of 


acute lesions and the relation of these to chron | 


repair and regeneration, the matter of cast formation and the source of 


albumin, are problems which, when elucidated by animal experiments, 
can read  transerihed to explain similar problems in human nephritis. 
But aside from these, the experimental method offers hope, in part 
ilready re ed, of a solution of the more prominent problems of renal 
dema, of anuria, the question of the relation of renal disturbances to 
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The study of experimental nephritis may be expected, however, to do 
more than explain the sequence and significance of pathological changes. 
By producing lesions which affect only certain structures as the glomeruli 
or the tubules, or but certain portions of the tubules, we may expect not 
only to solve some doubtful points in the physiology of this organ, but 
also to obtain data of considerable importance to the pharmacologist and 
therapeutist, thus bringing the work home to the clinician. As a single 
example may be given the study of the effect of diuretics on the diseased 
kidney as compared with their effect on the normal. Our knowledge of 
the latter action is fairly complete, but we have very little knowledge of 
the former. The study of vascular dilatation and contraction in the 
kidney, the elimination of water, the general composition of the urine, 
the chlorid-regulating mechanism and many other points, in distinctly 
tubular and distinctly glomerular forms of nephritis, which we are now 
able to produce, should yield practical information of great value. Some 
information in regard to these matters we now possess, but before it 
can serve as working knowledge, extensive chemical and physiological 
studies of various forms of nephritis must be made from the pharma- 
cological point of view. 

I have gone somewhat into detail in this introduction, not only for 
the purpose of demonstrating the value of the study of experimental 
nephritis, but also for the purpose of showing that the results of such 
study are of interest to everyone concerned with the problems of normal 
and abnormal physiology—to the physiologist, the chemist, the patholo- 
gist, the pharmacologist and the clinician. And, in order to maintain 
interest, if it has been aroused, I shall deal briefly with the methods of 
inducing nephritis, the character of the acute lesions, and the relation 
of these to chronic lesions, attempting to set forth clearly the types of 
experimental lesions known as tubular and glomerular. Time thus saved 
will be devoted to the more interesting questions of altered function. 


ETIOLOGY AND CHARACTER OF THE EXPERIMENTAL LESIONS 

In speaking of the etiology of nephritis in man, excluding, of course, 
lesions due to the localization of bacteria, we use, owing to our inexact 
knowledge, the phrase “soluble toxic substances reaching the kidney 
through the circulation.” So, in experimental nephritis a direct nephritic 
poison must be capable of absorption, of solution in the body fluids and of 
causing injury to the renal cells when given in doses so small as not to 
cause death through its other actions. An indirect poison acts through 
products formed by blood or tissue destruction, as with the hemolytic 


poisons; here the action on the kidney is secondary. If we exclude 
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Si gel’s experiments on the production of nephritis by the application 
} f 
l 


, all forms of experimental nephritis are caused by substances falling 


in the above classification 


col 


According to Sollmann, all metals, so far as the ave been studied 
cause nephritis, though some act on n corrosive doses or when give 
intravenously. Other nephrotoxic substances are aloin, coal-tar products, 
aleohol, anesthetics, oxalates. cantharidin. essential oils, snake venon 
ricin, abrin, bacterial toxins, hemolytic poisons and nephrot: namin 


serum. 


Of these some act diffusely, w e others affect the tubules or the 
glomeruli separately. Only such as have a more o es definitel 
scribed action are of value in producing experimental ne phritis . 
n the group affecting tubular epith m wit ttle or no prima 
glomerular injury, we may place, as most important, uranium nitrat 
the chromates of potassium and of ammonium, and corrosive su ilimate 
Of those affecting glomeruli especially, the more important are arse1 


cantharidin and snake venom. All of these latter have some slight eff 


on tubular epit ellum, proba ny secondary ic I liatory disturbances 
dependent on the clome! ilar njyuryv, but the ite! esion is so ma 

and so evidently primary that they are usua referred to as glome i 
poisons. Another agent of value in experimental worl : diphtheria 


toxin which combines glomerular and tubular injut 


All of these cause the appe irance of albumin and casts in the rhe 


nly uranium nitrate produces edema. 


Although | have, thus far, used the terms “tubular” and “glomerulai 
in reference to these poisons, t] ha nore definitely be denominat« 
respectively, “epithelial” and “vascular” poisons Unt recent this 
division was made on anatomical grounds, that is, on istologica 
dence of degeneration. necrosis, exudation or c¢ vroliferation ‘ 
study of nephritis by physiological methods has brought out evidence 
the existence of functional glomerulat nyutr ol extreme grade ac 1 
panied by little if any anatomical evidence « ascular lesion These 
methods have also shown that nephritides due to agents formerly sup 
vosed to act onlv as tubular poisons, present, in the te stages 


cation, definite evidence of vascular incompetenc' 


It is necessary therefore to describe briefly the lesions produced b 
more Important nephritic poisons, Z s description will be imited to 
those poisons especially discussed in this address. It, hows 
means exhausts the list of substances which may be used. 

The anatomical changes due to uranium and to the cl roomates, al 
n the early stages, confined essentially to the tubules, especia thr 
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the observation of Miiller, makes it one ol ( mportance 
seem possible that by the use of a substance like venom, whi ucts as 


definite glomerular poison and causes exudation and very striking end 


thelial destruction, experimental evidence of chronic nephritis following 


i single injury could be added to th nical and pathological evidence 


now at hand. 


Despite this possibility, it must be admitted that the experimenta 

study of nephritis supports 1 more common nception « e etiolog 
f chronic nephrit n man it is ora eveloping 
esion d the long-continued insi . n of son defines 
substance \\ e possible exception ¢ ecent experiments « 
Dickson sults obtained hav en n nstant ne 

iture as to 7us e term ¢ ron nep tis ( un we LiKE 
is a criterlol i persisting lesior ime iracterized ¢ ring | 

elimination of albumin and casts, and histologically by changes inv 
ng glomeruli, tubules and connective tissue, neat all experimental 
fforts can be « ded. If we include edema as a necessary corolla 

ronic nephritis has not been xp nenta Some « ( 
et s which ha esulte n lesions approaching chronic neplhi 
il owevel \\ I ( ment n Onphiils. w n at gated { ee j 
ime to the con on it the best results could be tained with lea 
ind ry the rolonged adminis ito! ii salt ‘ luced ! 
guinea-pigs and dogs a definite s sis | ine, howeve d 1 
ontain albumin and ists Che same obj n lds fe exper:me! 
vith many of the other metals ( Petroff) 

The experiments of Ehrlich and of Levaditi with vinylamin show that 
e primary necrosis of the papilla of the kidney caused by this substance 
may be followed by cortical injury with increase of connective tissue and 
onsiderable contraction. In a few of these experiments, in W ch mice 
vere used, edema, pertrophy of the left entricle and albuminuri 


etinitis were observed, with characteristic changes in the urine. Su 

hanges, however, were not constant. The value of these experiments 
moreover, is slight, for the diffuse nephritis followed destructive lesions 
‘f the papilla leading to mechanical obstruction, and were not due to a 
primary injury of cortical structures caused by a circulating poison, 


though it must be admitted that Lindemann has described the production 
f such injuries by the use of this substance. 


l 
} 


Occasional positive results have been obtained with a variety of sub 
stances, as cantharidin (Aufrecht), oxalic acid and oxamid (Ebstein and 
Nicolaier), potassium chromate (Ophiils), and uranium nitrate (Siegel) 


[ have myself found, in the course of a study which had for its object 
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at it in another way, these occasional positive results may have been due to 


Lhe aceie 


reulatol 


there is almost constantly associated with them a circulatory disturbance, 


usually a 
= the res 
= n’s CX 


for the fi 


constrictors was tested by inhalation and by subcutaneous and intravenous 


Injection. 


tiie app a 


nective t 
the resuit 
suggest tft 
ot a rena 
duction o 


nephritis 


EXPERIMENTAL 


edema in the dog, a ty 


continued thjections ¢ 
he st m. Chromic lesions, 
S| methods and occasional ] 


spontaneous lesions, must be re 


ntal presence of some secon 


disturbance, necessary to th 


this possibility in mind that Dr. Haven Emerson investigated 


itil the relation of circulato 


recognized that, while a variety 


r contribute to. chronie int 


venous congestion. It might | 


ult and not the cause of productive lesions in man, but Emer- 


riments are nevertheless of \ 


rst time, investigated. The i 


Inhalation experiments dur 


rance of degenerative paren 


Issue changes. Though these 


s, due apparently to disturba 


at with this background, t 
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pical contracted granular kidn 
potassium chromate and nephro- 
wever, cannot be produced con- 


; 


wositive findings, in view of the fre- 


garded with suspicion. Or, to loo 


larv factor. as some metabolic on 


e production of chroni nephrit s 
ry disturbances to chronic nephri 
of causes are known to be respon- 
rstitial changes In various tissues, 


objected that such a disturbanc 


alue, in that this hypothesis was. 


nfluence of vasodilators and vaso- 4 





ing a period of half a vear caused 
hymatous lesions with slight con- 
experiments were few in number, 
nees of circulation and nutrition. 


he long-continued administration 


irritant in small doses might result in the fairly constant pro- : 
chronic nephritis. In this connection Caro’s observation that ; 
occurs in cats five to eight davs after extirpation of the thyroid 





In othe words, the evidence at and supports the theor that chronik 
nephritis should readily be produced as the result of an irritant action 
issociate th. or causing, circulatory and nutritional disturbances. This 
s In accordance with our clinical and pathological knowledge of chroni 
nephi : ! hal 
In a dowit this view, also = Bradford’s suggestion that the 
man i es to produce ehroni nep s are probably due to the fae ; 
that we no irritant capable of causing In animals a condition anal- j 
ovous to acute nephritis with edema as seen In man. This statement was P i 
made im 190 Su i substance we now possess In uranium nitrate 
> yp ss an — > . ; 
vhis = Richter showed in 1905, causes a very definite acute tub : 
nephritis the occurrence, when an excess ¢ water Is administers 3 
edema e subcutaneous tissues and accumulations of fluid in the 
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. ‘ Hus . slacte rhe wis a ) ~ ! 
: nephritis in a jarg ercentagt the ! < eater tn rit 
= ¢ OICce ¢ CALM nehta I = «it ! \\ - ui ( eCueilia 
abbits, In whit edema Is rea produced, iu“ ween ro nstead ¢ 
vuimea-pigs, and the animals placed Inder conditions favorable to t 
roduction of edema, it Is possible that his results woulk ave been thre 





Wiininistration ) ral ! ! il CuusesS A Progressive sub ron 
mphritis (2) ut oa series ~ ‘ Seve! wute attacks results 
extensive fibrotic changes, with, in some instances, granular atrop! ae 
: 
: issociated polvuria: (98) that single nyections not nirequent caus 


more or less severe fibrosis with occasional granular atrophy: and (4) 


I a. In sina amounts was found in the serous cavities of a few animals 
These experiments are of reat lnportance in connection with What 
as been sald about the nfluence « circulatol disturbances in the p 


; uction of chrome nephritis Uranium nitrate, in addition to its ve 


lecided action on renal epithe ulin. also causes vel aetnite vascula 
i Isturbances. Severa nvestigators have been Tore tO this com sion 
; is Heineke and Meverstein and Dickson. Recently, | have called atte 
tion to the necessil Ol assuming su an action in order to explain c¢ 
tain phases of the edema caused by this substances Final proof of this 
asculal nyu = rhiishe schiaver and = gssocilates, W rave 
- wh. } VS ov net vis wat althoug iran iD mrinat iffect 
‘ tub is there 4 rs a stave ¢ riomerulal nyul ( aracte ( ) 
atation « tiv esseis and Cust permeahiit This eo 4 
Isso ate n connection wit ma, but these observations serve ere 
o indicate ‘ eo ral nh « ning the toxic effects apparent 
necessary to the pro tiol ( ephritis b LUSII ol 
~ cl ll ¢ imnves mut ¢ ( sturbances also 
| Ms dha " - N ( f] l net ‘ 
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The kidney lends itself, perhaps more than any other organ, to inves- 
tigation by physiological methods. The very abundant blood-supply with 
its intimate relation to the function of the kidney, the close relation of 
function to general blood-pressure and the influence of the circulation on 
diuresis, are conditions which readily-allow the application of methods, 
the results of which may be graphically registered. Changes in kidney 
volume dependent on general blood-pressure or on the influence of its 
own independent vasomotor system may be measured by the oncometer. 
ind the results for the normal compared with those in animals with 
experimental nephritis. Likewise a simultaneous study of diuresis allows 
of the determination of the changes in the elimination of fluid. The 
injection of various substances influencing blood-pressure or diuresis 
ields information concerning the reaction of the kidney to these stimuli, 
and by their use it is possible to differentiate between the disturbances 
due to a glomerular and to a tubular nephritis. Further information con- 
cerning disturbances of function due to tubular or to glomerular lesions, 
respectively, may be gained by the use of phloridzin, and by correlated 
studies of the protein and salt elimination. Some information, as the 
result of such investigations, especially in regard to diuresis, is offered 
by pharmacological studies, but the most comprehensive study of this kind 
has been made by clinicians, by Schlayer and his associates, and deals par 
ticularly with the vascular reactions in the two types ol nephritis. 

rheir work is based on the assumption that the vascular reactions of glomeru 
lar nephritis should differ from those of tubular nephritis and that this differ 
ence should be readily determined by the action of certain stimuli, the effect of 
which would be to cause either contraction or dilatation of the vessels. These 
changes, through decrease or increase of the kidney volume, would be readily 
recognized with the aid of the oncometer. It was necessary to choose stimuli the 
effect of which would be but transient and which would cause no injurious afte: 
results, thus allowing a series of observations on the same animal within a com 
paratively short space of time. Furthermore, as the conditions of experiment 
were such that observation on the same animal before and after the development 
of nephritis could be made only in short-period experiments, it was necessary to 
demonstrate that these stimuli exerted a constant effect on normal animals. 

To test the capacity of the vessels to contract they used sensory stimulation 
(tobacco smoke in the nose or transient suffocation) as an example of effect 
through the vasomotor center, and adrenalin as an example of the effect of per 
ipheral contraction. Each of these methods produced a transient diminution of 
kidney-volume with an increase at the same time in general blood-pressure. Caf 
fein and strong salt solution were used for the purpose of producing dilatation of 
the renal vessels. In connection with all these conditions the relation of diuresis 
to vascular changes and the power of phloridzin to cause glycosuria were also 
studied. 

In brief, the study was one of the reaction of the renal vessels to various 
stimuli and the relation on the one hand to general blood-pressure and on the other 


to diuresis. 
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RICHARD M. PEARCE l4o 
Necessarily, much depended on the uniformity of the control experiments, and 
for this reason rabbits of the same breed and similar weight were chosen, and with 
n definite ratio to body 


the exception of adrenalin, all substances were injected 
weight, and all but phloridzin, intravenously. Sensory stimulus and adrenalin 
1 drop of 1 per cent. solution in 0.5 ¢.c. normal salt solution) increase blood 
pressure with a corresponding fall in kidney-volume. In each instance this effect 
is transient, the normal condition being resumed in a very short space of tim: 
On the other hand, 5 per cent. salt solution (5 ¢.c. per kilo) and 5 per cent. cat 
fein solution (2 c.c. per 1.5 kilo) cause a marked dilatation of the renal vessels 
with strong pulsation and immediate diuresis, the general blood-pressure remain 
ing unchanged. At the end of the experiment, phloridzin was given subcutane 
ously; this caused a moderate diuresis with glycosuria but without increase in 
kidney volume or in general blood pressure 

These results were alwavs obtained with normal animals, and_ the 
degree of reaction with each stimulus was practically the same Witl 
such observations as controls, a study was undertaken of animals with 
various forms and differing stages of toxic nephritis. Potassium chromat: 
and corrosive sublimate were used for the production of tubular nephritis 
and arsenic, cantharidin and diphtheria toxin for vascular nephritis 

Schlayer’s opinion concerning tubular nephritis is based on 21 exper 
iments with chromate and 15 with corrosive sublimate animals. The rea 
tions to the various stimuli in the early stages ol nephritis so produced 
do not differ markedly from the normal It was found that the anima 
7 } 1 
eliminated a larger amount ¢ rine than do normal animals, which 
n accord with Weber’s observations. and also that diuretics led to a sti 
greater flow, as had also previously been demonstrated by Hellin ane 
Spiro. The vascular reactions differed from the normal only in degree 
the power of the vessels to contract after sensory stimulus and adrenali: 


was slightly increased and the power to dilate was greater also, to abo 
the same extent Phlioridzin acted as normally, that is. caused polvuria 
and glycosuria. 

The results with corrosive sublimate were similar except that tl 
polvuria before the administration of diuretics was not so marked. In 
woth forms. epithelial lesions were very prominent, but no anatomical! 
anges were evident in the glomeruli. In short, the early stages of 
tubular nephritis with albuminuria and cast secretion and severe ana 


tomical changes in the tubular epithelium offer no phvsiological or ana- 


tomical evidence of vascular injut 
Before taking up the late stages of tubular nephritis. the reactions o 
vascular nephritis, for the sake of sharp contrast, may be describe 


Cantharidin and arsenic nephritis offer the best examples ol this tvpe 
Severe vascular disturbances come on verv quickly. In cantharidir 
nephritis. the early polvuria characteristic of the chromate lesion is 


absent. Within four to eight hours the effect of sensory stimulus an 
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al evidence of vaseular disturbance except a slight 
g , heightened response to vascular stin SCS 
glomerular nephritis with little or no evidence 
either tuoules r omeru in wit comparative 
i ana ist excretiol we find that the pacity t 
t and ate is greatly altered, and wit sa s 
resis, which may go tal insuflicienc 
observations demonstrate for the first time the poss 
jury to glomeruli and tubules, respectively, and off 
al basis for the nception of a vas 2 Col : 
nephritis. 
\ as tThos« ) je ect ) cat 
lence to the problem o man patholog sthist 
the majorit renal lesions in man? We adn 
icological point of view. We admit also the poss 
omerular injury and primary epithelial inju nd 


the glomerular lesion, as in scarlatinal nephritis, n 
ninating lesion, and, on the other hand, that the a 


certain intoxications, as cholera, eclampsia, and to 


phtherla, mav be purely epithelial lesions: but what 
Is exper mental evidence on those forms of nep 
2 } 
er ind tubules are n ved nd, mos I it 
the t s first and more s slv? This . 
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( tation ! =Is . itiol 
ecreases gra I ns il ves l = li 
i avs, lilatation is el slig ! LDSse! i! sis does pot 
a 
Phloridzin no longer causes glycosut Mhese changes Te 
panied by shight istological alterations e ol t the col 
tion Is, essentia l netional gio ir dist in ollowing tf ’ l 
hyjury. That this secondai gilomel ir involvement Is a tru is i 
disturbance and not the result of compression of the glome1 di t 
etention of urine in tubules blocked by casts, Schlaver and Hedines 
lave shown by experiments in which the ureters were ligated U nek 
such conditions no vascular disturbance resultes Thus, these investig 
t only tubular and vascular nephritis as expe 


tors have demonstrated no 
mental conditions, but have shown that the former may 
atter. The relation, however, of the late glomerular changes to th 


epithelial changes cannot be explained without mor complete ON 

mental evidence. That the late vascular injury is due to the origi 

poison is doubtful, but the possibility must be considered, in w of t 

‘ fact that in Schlayer’s experiments with d phtheria toxin, a gradua 
; deve loping nephritis of the tubular type passed, after only twenty hou 
pe, \gain, it is possible that the tubu 


into the typical vascular ty] 
he deve lopment of secondary poisons, consequent 


nephritis may cause tl 
disturbances in 


metabolic other organs, and capable ‘ affecting 
glomeruli. In this connection must also be considered 
“cive and take” of renal function recently emphasize: 
theory assumes the possibility of the glomeruli taking over in 
the function of the tubules. It 3 possibli Lhat substances norn 


passing through the tubular epithelium are, when the latter is destro 
eliminated by the glomeruli, the endothelial cells of which mav |x 
susceptible to injury by such substances than is the tubular epitheliun 
These are some of the pro ems suggested s vers Wo! 
await the verdict ol rther experimentation by physiological met 
During the past year I have been interested in certain phases of 1 
roblems, and have repeated Schlayver’s experiments, using the dow ra 
than the rabbit, because of the more stable circulatory mechanisn 
( ‘ormer.* The vas ir reactions of the tw es 0 ep - ye 
n the rabbit, | have found to uso in the dog, ‘T’} 
wise develops into l ) is 
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(Additional evidence of the distinction between tubular and vascular 
nephritis is offered by chemical studies which, with the assistance of Dr 
Miner C. Hill, were carried out in connection with the experiments just 
mentioned These depend on our knowledge that most, if not all, o 
the urinary nitrogen is eliminated through the tubules, and on the 
assumption that in tubular nephritis this elimination would be dimin- 
shed Daily estimations of the total nitrogen elimination in animals 


wit tubular and glomerular nephritis, due to uranium nitrate and 


arsenic, respectively, were made, It was found that in the tubular nephri- 
sa decrease of nitrogen equal to 9 to 14 per cent. of the normal elimi 
lation occurs, while in the glomerular form this decrease does not occur 
ndeed, the arsenic animals showed an increased elimination varying from 
> to 16 pe ent., demonstrating that the tubules not only were not 
njured, t also that they were able to care for the augmented output 


nitrogen consequent on the increased metabolism due to arseni 

hese observations are of twofold interest. In the first place, thi 
work with arsenic offers additional evidence of the possibility of producing 
a glomerular disturbance without affecting the function of the tubules, 


and, on the other hand. the diminished excretion of nitrogen in tubular 


nephritis* indicate the possibility of a retention leading to a disturbance. 
t only of the glomerulus in the “give and take” of kidnev function, but 
esponsible perhaps for some of the more general manifestations of! 


nephritis 
Here ha " ntroduced also otner evidence. 0 an entirel\ novel 


nature, which is of value in the differentiation of tubular and glomerula 


nephritis, and which would appear to be of definite physiological impo 


tance in the matter of normal tubule function. I refer to my recent 
nvestigations of the depressor substance of dog’s urine, and I do this 
vith some hesitation, as the application of the observation to the nephritis 
man is not at all clear. 
Elsewhere, in a discussion of the influence of kidney extracts on thi 


ilood-pressure, | have described the very striking depressor influence o! 
dog’s urine, when injected intravenously into other dogs. At that time 
this observation was of interest only in that it appeared to indicate that 
the similar depresso1 influence exerted by extracts ol the dog's kidney Was 
lue to the content of urine which could not be removed. 


My interest in this peculiar manifestation was again aroused by a 
chance observation made during the course of a recent study of diuresis 


t. Siegel also deseribes this decreased elimination of nitrogen in uraniun 
nephritis, and Green, in a recent study of chromate nephritis, found a decrease of 


7“) per cent 
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in the pathologi al kidne Dog's urine, on account of its very decided 
depressor influence, from wl] ch the animal quickly recovers, was used 


in this work as a means of rapidly lowering the blood-pressure 

It served most satisfactorily for this purpose and never failed with a 
large series of normal urines. Early in the investigation, however, it was 
observed that the urine from an animal in the third day of a chromat 
nephritis failed to cause the usual di pressor effect. This chance observa- 
tion led to the routine investigation of the urine of animals with various 
forms ol experimental! nephritis, As a result it was found that the 
depressor substance disappeared about the third to the fifth day from the 
urine of those animals suffering from renal lesions characterized by 
extensive tubular injury and persisted after the administration of sub 
stances causing glomerular injury with little or no tubular change. 

This difference suggests that in the tubular lesion of chromate and 
iranium nephritis, which is characterized by extensive epithelial destru 


tion, some substance normally eliminated is retained, while in the 


glomerular nephritis, caused by arsenic and cantharidin, this retention 


does not occur. The elimination of the de pressor substance would appear, 


therefore, to be a function of the tubular epithelium. This view is sup 
ported by a study of the effect produced by normal urine as compared 
with that passed at the height of diuresis. Thus, in one animal, th 
urine obtained from the bladder at the time of inserting the cannula 
caused a drop of pressure of 64 mm. Hg., whereas at the height of caffein 
diuresis, the drop was but 30 mn In another animal the figures wer« 


60, 32 and 16 for (1) the normal urine, (2) the beginning and (3) the 


eight of diuresis, respectively. This indicates that the increased glomeru- 
ar filtrate either dilutes t depressor substance eliminated by thi 
tubule, or it passes through the tubules so rapidly that this substance is 


not added in the usual amount 


In animals with experimenta nephritis of the tubular type the dis 


ippearance of the depressor substance® from the urine is frequently ass 
5. Pearce, R. M.: Concerning the Depressor Substance of Dog’s Urine and it- 
Disappearance in Certain Forms of Experimental Acute Nephritis. Jour. Exper 


Med., 1910, xii, No. 2 

6. Concerning the exact nature of this depressor substance I have no know! 
edge. It dialyzes slowly, is not destroyed by boiling for a few minutes but does 
disappear after prolonged heating It can, however, be completely precipitated 
from the urine in impure form by large amounts of alcohol. The precipitate thus 
obtained, when dried and brought back to original volume with distilled wate 
has a depressor effect equal to that of the untreated urine, while the filtrat: 
evaporated at room temperature to original volume has no effect whateve1 The 
precipitate is not a single substance, but contains phosphates, chlorids and su 
phates and has a very small nitrogen content 
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ited w r ress \ ild appea nii- 
ate ! epress Substal may ave a definite effect on the 
rene] yressure, This observation is not, however, based on blood- 
rressure det nations on the same animal, before and after the develop- 
ment hephritis, but DV contrasting the pressure in animais with tubular 
nephritis th that in normal animals. It may, as is true in glomerular 
nephritis. be due to some other factor affecting the vascular svstem gen- 
era 
Investigations now in progress will, I hope, throw more light on the 
| Ts 


nature of this depressor substance, and, I trust, on the significance of 


disappearance from the urine. At present the latter is of importance, asa 





manifestation of tubular nephritis, as contrasted with glomerular nephri 
tis; as an indication of possible normal tubule function ; and possibly, also, 
as an explanation of certain conditions of low arterial tension in man. 
Concerning the latter we have little information, for clinical studies have 
been confined largely to the condition of hypertension. It is of interest, 
however, that in the disturbances following too great experimental reduc- 
tion of the dog’s kidney, a condition of acute renal insufficiency, Janeway 
as demonstrated a definite fall in general pressure. If it could be shown 
also that the depressor substance disappears from the urine of these ani- 
mals we would have a very substantial basis for a theory of acute rena 
insufficiency of tubular origin leading to hypotension. 

It is perhaps needless to say that such observations have apparently no 
varing on the hypertension of scarlatinal nephritis or that of the inter- 
stitial type of chronie nephritis. Also, one cannot assume that the 
experimental conditions here described hold for human nephritis. At 
resent they must be considered merely as interesting experimental 
observations concerning the influence of the kidney on blood-pressure, 
ind although it brings to this subject some confusion and uncertainty, 


iture investigations may add unexpected knowledge, perhaps, in the 


rection of a better understanding of tubule functions. 
EDEMA 


\s edema is, In many ways, the most striking manifestation of cer- 


tain forms of nephritis in man, it is natural that it should be considered 


na discussion of expe rimental nephritis. | wi not attempt, however. 


n this connection to present the conflicting views concerning the physiol- 
ey of lymp ormation or the general pathology of edema. which ar 
dmirablv set rth in Meltzer’s lectures on this subject, but will limit 
self to the recent studies due to the stimulus of Richter’s demonstra 

! ep . inimals is accompanied bv edema 
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mportal ‘ emic plet is (4 i! 
| then Magnus, Albu) ( t ( t as 

Ss ior the most part basec 1 ls s10n eNXDp ments i \ i 
amounts of fluid were sed veriments on dead or nephrector 
animals, it is not entirely satisfactor is the conditions are i hela 
he results of such experiments are based on the absence « dine in 
tion rather than on the influence of the altered netion of the seased 
kidney. Only uranium nephritis. e va s forms o cp nenta 
renal disease, Ss accompanied Va spontaneous edema, am I : ters 
experimental conditions analogous to nephritis in man 

The more Important theories of nal edema a “ ef] sta 

On the one hand are those who s ipport the importance of drem 
ple thora as enunciated by Grainger Stewart and Bartels, but more or less 


modified by later investigations, as those of Roth-Schultz 
the other and, are those who consider vdremic plethora 
importance, and, following Cohnheim, 


ascripe To thre nyu 


capillary blood-vessels, the Important role. With tl 


thi lis Theor ~ lone 
associated that of Senator, who presupposes injury of t renal vessels 
well as of the peripheral vessels, 

There is a tendency to bring these explanations together, giving ea 


its share in a theory which ascribes the cause of edema to the combine 
influence of renal vessel injury and 


peripheral (cutaneous) vessel inju 
the former leading to retention of 


water or salts, or 


both. and the latter 
responsible for the increased permeability 


of the capillaries at the site of 
the local accumulation of fluid. In brief, the problem has become essen 
tially that of the relative njuryv, hvdremia and 
salt retention. Since the demonst Value of uranium nitrate 
for the production of a ne 


has been extensively reinvestigate: 


7. It is a matter of local interest that, although mac1 ‘ 
injury due to uranium was observed by Leconte in 1854, the first carefully 1 
corded observations on uranium nep tis were from Professor Chittenden’s labora 
tory at New Haven, and in ISS, in a communication from this laborator P 
fessor Chittenden and Dr Alexa | mile tt ~ 1 rst crite tes 
in connection iranium pols Ww \\ =| 1 ‘ ” ny r. i 
ommul ition from the pharmace u nstitut : BP 1 ' irat 
liffuse edema of the skin and sul t sues the mulatron of flu 
nti serous les 11 ! ro 
OOK the n 7 not is ' 10D } Ri 
ers commun ' n app t iment ' 
rene 
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Richter found that rabbits receiving subcutaneously small doses of 
uranium nitrate and at the same time 100 c.c. of water daily by stomach- 
tube, developed a well-marked edema of the subcutaneous tissue with the 
accumulation of considerable amounts of fluid in the serous cavities. This 
edema, it is true, differs in two respects from that of nephritis in man: 

1. There is a greater tendency for the fluid to accumulate in the 
serous cavities and subcutaneous tissues than in the skin proper. This 
s probably due to histological differences between the skin of man and the 
abbit, but is not of great importance, for the widespread edema involv- 
ng the subcutaneous tissues of the abdomen and thorax and frequent! 


vtending to the neck, head and extremities, is sufficient evidence of gen- 


”. The fluid is richer in albumin and tends to clot more readily than 
s the case 1n man There =. however. no evidence that this fluid is Ol 


nflammatory origin; the high albumin content is probably to be explained 


] 


lesion, and in this regard approaches the 


) the acute character of the 


character of the fluid in the edema of scarlatinal nephritis. 


Despite these slight differences the picture is sufficiently similar t 


e edema of man to be considered a true experimental nephritic edema, 


:' 3 } 
ind 18 sO regarded by the large number ol 


investigators who have con- 
rmed Richter’s observation 

The studies of uranium edema fall into two groups: those bearing on 
the question of water and salt retention, and those dealing with vascular 
injury. The first group includes experiments in which artificial plethori 
hvdremia is produced and those in which the salt content of the bod\ 
fluids is increased by administration of sodium chlorid. The second 
roup includes phvsiological studies of the renal vessels in uraniun 
} } e +] ™ ee — | 
nephritis and also the studv of the influence ot vasculatl poisons in Thos 
orms of experimental nephritis not ordinarily accompanied by edema 

The literature of water and salt retention in nephritis, which is 
voluminous and ai Se oe ed ee 
voluminous and most confusing and contradictory, need not be sun 
marized. The matters of greatest strife are (1) whether salt retentior 


water retention is primary: (2) if the salt retention is primar 


vhether it is a true tissue retention or secondary to vascular lesions whi 
ender the glomeruli less permeable to the salt. In either case the water 
ention is considered to occur as a result of the salt retention. Thi 
rd possibility is that both water and salt are retained simultaneous! 
is the result of glomerular injurv. 


rhe experimental evidence, based on altered kidney function in animals, which 
was at hand previous to the study of uranium edema, may be illustrated by two 
tvpes of experiment Beck and Glucinski, as well as Lepine, had demonstrated 


that temporary ligation of the ureter of one kidney was followed by a lessened 
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elimination of chlorids as compared wit he opposite s 
ipparently the theory of decreas renal permeability On the 
taigne showed that, although there i minished ike 1 exec! 
experimental nephritis, as compared with normal dogs, this 
observed if the respective animals received salt solution in the 
other words, if the salt was brought to the kidney, the kidney 
other experiments normal and wphrith inimals ere hile 
replaced by saline solution Short! ifterward 200 « of 
the renal arterv of each showed salt conter ‘ - ~_ 
nephritis I hese experiments are sual puoted re ot 
of chlorids in the tissues It mus or nn \ ‘ 
ments the renal lesion was not ‘ " ‘ ' 
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strong salt s itiol (other 1 tions, as that based on the theory of 
rimal salt retention and the assumption that the body had almost 
cher . salt fixation at the beginning of the experiment, and 
at the alf-gram of salt injected was sufficient to bind the water sé 
at no diuresis could occur, are met by experiments in which three- 
nalres . 1 gram of salt produced about the same decrease in di 
“18 as ‘ ill-gran Wile she ad not be the ist these obyec- 
rs ‘ ‘ oO ¢ yection that a sait etention associated with al 
il eased permeabilit ‘ the periphera essels might account 0 
edema is met experiments which show that no edema could b 
a ( agauring t =: intermediate stage, DV transiusing the tissues w 
i st n, whereas it could readil ve produced in the final stage 
f ontre expe ments nadie ite I it tiv nereased permeabilit 
i essels follows, and presumab e result thre 
rie i Iv meap I 
dive win the importance s i : se ition werning 
! n the rena is il stem in e intermediati 
( il nephritis: a functional disturbance which occurs on 
ot exm rimental nephrit s which leads to edema It s the 
ong point of a theory of edema whi reconciles many of the con 
lietit s on this subject. Decreased glomerular permeability, o 
ng nea iusing a retention OL water ind salts with second 
in increased permeability of the peripheral blood-vessels is a cor 


and perhaps more than a theory, when the experimenta 


n he 
n t is based is considered. Certainly the experimenta 
el ( ~ aver offers shows that. either of these factors is 
nt der curs 
Concerning the importance of these factors, I have reached simila 
sions as the result of a study somewhat different in nature. Accept- 
ng Schlayer’s opinion that a vascular lesion is essential to the produ 


on of edema I have attempted to produce edema in true tubular nep 


3 the administration of vascular poisons. The relative importance 
dremia and vascular and renal injury was also studied. Potassium 
romate was used to produce a type of experimental nephritis almost 
xclusive tubular and not accompanied by edema. For the production 


f vascular injury, rattlesnake venom, ricin and arsenic, all well-known 


vascular poisons, were utilized. Water administered by stomach-tube. 


n an nts of 100 c.c. daily, brought about a condition of plethori: 
dremia \ large number of rabbits were used ; some received all three 


yf these substances, some only one, and others various combinations of 


two: thus all possibilities were controlled, 
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It was found that edema resulted on when the three actors ol 


enal injury, vascular injury and hydremia were present No one of 


ese factors acting alone and no combinati n of two was sufficient to 


cause edema. The experiments in which venom was used were part 
arly valuable in that evidence of injury of the renal vessels as well as 


ol the periphera vessels, was offere: ) eas demonstrabl em 


rhagic lesions of these structures 


From this summary it is read seen 


that the stu OL expe! enta 
: nephritis has added much to our knowledge of the relative importance: 
i of glomerular injurv, hvydremia. salt retention and peripheral vessel 


njury in the production of edema. This knowledge has been obtained 


n the only Wwia\ possible, t at is, by the stud ol a torm ¢ 





) ONIN Tie i 
nephritis accompanied by spontaneous edema. 
: rOXTIC SUBSTANCES IN EDEMA 
In connection with the phases of experimental nephritis just dis 


issed, the next problem is the detern Ination, If possible, of the characte! 


SA Rane 


or nature of the substance or substances concerned in the production « 


e vascular lesions, both renal and peripheral, but especially the latter, i 
nephritic edema. Clinical and pathological studies offer no assistanc hh 
early appearance of the prominent glomerular lesion of scarlet feve) 
naturally suggests that the products of the et ological agent ) scarlet 
fever are responsible for this lesion and possibly also, as Senator has 
suggested, for the vascular lesions of the associated edema « the skill 
mut in the absence of definite knowledge of the etiology of scarlet fever o1 
of its toxic products, no conclusions can be drawn. Likewise in certain 

nfections, as with the pneumococcus and streptococcus (Councilman). 

n which capsular and intracapillary glomerular lesions are sometimes 

} seen, the TtOXK prod «ts ¢ the niecting organism may be considered 
responsible for the renal lesion. On the other hand, in those forms « 
hronie nephritis in which edema most frequently occurs, the etiolog 

: scure, the relation of parenchymatous to vascular lesions uncertain 
and the refore conclusions are mpossibie, Even though it be granted that 
the general vascular lesions of the acute forms of glomerular nephritis are 
due to the poisons of the primary disease, our lack of knowledge of thi 


’ 1 ; 
toxic factors in chronic nephritis leaves me explanation for pe! p eral 


ascular lesions. The study of experimental lesions of the kidney has 

thrown little light on this problem, but certain observations with the 

serum of animals with experimental ne pl ritis are ve! suggestive of th 

m at of development of mm ripheral] Vesst Injul ; ‘| ius He neke fe un 
at rabbits with chromate nephritis, whi s not characterized 
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edema, developed edema when injected with the serum of animals with 


iranium nephritis. This phenomenon, since confirmed by Blanck, who 
however, finds that it is not a constant occurrence. suggests that in the 
serum of animals with nephritis substances occur which operate to pro- 
duce edema. ‘Two explanations seem possible: either the retention, as 
the result of kidney insufficiency, of substances which act as lymphagogues 
of the second order; or the injurious action on the endothelium, of some 
substance or substances causing an alteration in its permeability t 

fluids. The latter of these explanations is naturally more in accord with 
the experiments of Schlayer and his associates and with those which | 
ave described. In a later series of experiments with Meyerstein, Heinek 


supports the theory of injurious action on blood-vessels. In this study is 


reported the production of edema in 64 per cent. of chromate animals 
receiving uranium serum intravenously; but edema was also found in an 
equal number receiving normal rabbit serum. As chromate nephritis, in 
the absence of serum injection, does not cause edema, it is suggested that 
the serum in both instances had some injurious effect on the blood- 
vessels. Of similar import are the results obtained by Georgopulos, who 
produced a moderate edema by injecting nephrectomized rabbits wit! 
the serum of animals suffering with uranium nephritis. In some of my 
own experiments with chromate nephritis I have found it possible to pro- 
} 


1e rabbit moderate grades of edema by injecting an alien serum 


duce in t 
(dog), and an edema equal to that of uranium nephritis, by using 
nephrotoxic immune serum (dog). 

Despite the difficulty of explaining Heineke’s results with normal 
serum, the various observations presented suggest very strongly the pres- 


ence 


n the serum of nephritis, of elements acting on vascular endo- 
thelium. Whether such substances are the retained products of metabo- 
1 ? 


lism or whether they are substances formed anew, in the course of 


nephritis, or are possibly due to disturbances in those organs character- 


ized by internal secretion, it is impossible to say. 

Such observations must fall in the same category as those of Linde 
mann, Bierry, Sawyer and myself, concerning the power which the serum 
w~ various forms of nephritis (chromate, uranium, spontaneous, and that 
due to nephrotoxic immune serum) has when injected intravenously, of 
causing albuminuria and cast excretion in normal animals. The effect of 
the serum in each group of observations suggests the influence of the 
common factor, the renal disturbance, but unfortunately, while sug- 
gestive, the observations are as yet of so indefinite a character that they 


cannot be applied to human renal pathology. They would appear, | 


ow 


ever, to form a promising basis for future experimental investigation. 
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rHE STUDY OF CHRONIC RENAL IS! CIENCY 

In this presentation | have thus far limited scussion to 
problems to which have been applied methods wx fer a netio1 
conception of the acute disturbances in nephritis. For this reason ’ 
considered only those lesions to which may be applied the term “nephrit 
without fear of contradiction. Such lesions are. fo1 e most part. t 
ft acute nephritis, and thus the problems of chronic nephritis, as ure 
hypertension, and heart hypertrop ave necessal ween OX ( 
experimental investigation of these latter phases of nephritis, because 
the inability to produce constantly chroni lesions, is en atl pte 
means of the so-called reduction experiments in whi peration 
kidney substance has been reduced to a minin ompatibl 
Such experiments have dex nformation o nterest ! 
although strictly speaking, th present the effect « suffi 
tion, rather than the effect 1 true nephritis, 1 mav, | n 
discussed here in connection w e general problems en ( 

DISTURBANCES OF METABOLISM AND MIA 

By the stu ( the metabolism in animaltis wit eriment ne 
tis one might expect to obt 1 Inlormation concerning dist inces 
elimination, or of the influence e kidne esion on general meta 
lism, and thus throw some light on CO s dete ning the « 
opment of uremia. Such studies do offer some information of eat 
mild disturbances manifested by diminished nitrogen elimination (Sieg 
Green) but in the severer lesions, the early occurrence of vomiting ar 
diarrhea with inability to ingest, retain or utilize properly the food adn 
istered, all symptoms evidently of renal insufficiency, so disturb thi 
gen equilibrium that metabolism studies are impossibl his is true, n 
only of experimental nephritis, but also of those edures hv w 
the renal substance is greatly reduced bv successive extirpations. S 
experiments have therefore added t little to our knowledge of dis 
ances of metabolism as tained elinical studies The red 
experiments beal parti ulal n the nfluence of the kidney on gene! 
metabolism. In the first important investigation of this subject, that 
Bradford, the conclusion was reached that slight reduction was foll 
by an increase in the elimination of water, but no change in the s 
on the other hand. an increase in total solids was found to occur aft 
the removal of three-fourths of the total kidney substance; an abs 
increase when food was taken and a relative increase when the gasti 
intestinal disturbances were present. As the blood and tissues under tl] 
latter circumstances showed an increase in nitrogenous extractives, Brad 
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! ded that these disturbances were due, not to retention of 
ts of normal metabolism, but to an increased tissue catabolism, 
{Ts ne especia the muscles. 

Recently Bainbridge and Beddard have repeated these experiments. 
Chev fine at the increase of nitrogen elimination is not constant and 
occurs only during the last few days of life when the animals show a 
Oss ~~ per cent. of body weight, the result of gastrointestinal dis- 


vinces and loss of appetite. They conclude, therefore, that the kidney 
as no influence on nitrogenous metabolism, and that the disturbance of 
nitrogen elimination is to be ascribed to inanition, and is similar to that 
ring in fasting animals. My own experiments on this subject led 
onclusions in entire accord with those of Bainbridge and Beddard. It 
would therefore appear very probable that mere reduction of kidney 
substance, even to a minimum compatible with life, does not lead to dis- 
turbances of metabolic function capable of being utilized in the explana- 
tion of uremia. Likewise these experiments indicate the improbability of 
e presence ol an internal secretion of the kidney capable of influence Ing 
veneral me tabolism 
It is evident, however, that although under such circumstances there 
- no disturbance of general metabolism which may be recognized by 
chemical examination of the urine, the very striking gastro-intestina! 


disturbances must be explained through some fault of kidney function. 


\s these disturbances occur also in experimental nephritis of the tubular 
tvpe (uranium, chromium and corrosive sublimate) and not at all or to 
but a slight extent in the vascular form (arsenic), they would appear 
ve due to a fault of tubule function, and the natural inference is that 
these disturbances are to Le explained by a vicarious elimination into the 


1 
} 
i 


gastro-intestinal canal of toxic products normally eliminated by the kid- 
nevs, and presumably are the manifestations of experimental uremia. 

Some support of such a theory is offered by clinical studies of uremia 

Von Noorden and his associates, who have found such a vicarious 
elimination, wit an increase ol ammonia nitrogen, to occur espec ially in 
the so-callec rem d arrhea. 

In one of my early investigations I tested this theory as far as fecal 
nitrogen is concerned in animals with kidney reduction, but with nega- 
tive results. More recently, with the assistance of Dr. Hill. I have esti- 
mated the total nitrogen elimination in urine and feces in a group of 
animals wit various forms of experimental nephritis. A constant 
decrease in urinary nitrogen varving from 9 to 14 per cent, was noted in 


the tubular form of nephritis, during the few days preceding the devel- 


pment of gastro-intestinal disturbance, but at no time was the fecal 
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nitrogen appreciably altered. Siegel in similar experiments has als 
found the same drop in urinary nitrogen without an increase in fi 
nitrogen. 

Metabolism studies, therefore, indicate that e alimentary dist 
ances are not due to vicarious elimination of nitrogenous substances into 
the intestine, or, on the other hand, to diminished absorption of su 
hodies therefrom. It may be possible, as I have suggested elsewhere, that 
toxic substances, non-nitrogenous in nature, which cause irritation 
elimination into the intestines, are responsible for this disturbance 
that, accumulating in the blood, thev act either throug e central 1 
ous svstem, or local on the tissues with whi tive we mn contact 

This problem I consider one of the most important offers wr solution 
vv experimental nephritis. ‘The gastro-intestinal disturbances with t 
associated respiratory and circulatory disturbances, a1 nfrequent 
a period of unconsciousness, essentia coma, severa rs be ( 
death, constitutes a svndrome characteristi: renal insufficient ind 
presumably, of experimenta remia. It is not too n to assume that 
the determination of the factors responsibl ) 3 ) nenta 
tion may explain some phases remia in man 

HYPERTENSION AND HEART HYPERTROPH 

The hypertension and left-sided heart pertrop 20 aracteris 
yf the atrophic form of chronic nephritis havi | to numerous invest 
gations having for their object the experimental rroduction of thes 
conditions. It is but natural, in view of the fact that the chief charact 
stic of the human lesion is an «trophy of the kidne eading presumal 
to diminished tunction, that * expel mental methods should at rs 

« largely those causing a considerable diminution of the functional area 
of the kidne and at the same time allowing a survival of the animal 
ong periods of tim \s ( te lorms toxie experimental nept 
cannot obviously be ut ed fo is purpose, and as atrophic forms 
chron nephritis cannot be reproduced wit in mstan the me 
emplo ed has been that of gradual reduction the cine stance 
successive operations, to a minimum compatible wit ( ‘ Althou 
conditions analogous to those accompanying the interstitial typ 
chronic nephritis in man have occasionally been observed as heart 
trophy vy Paoli, and an increased amount of dilute rine by Brad 
the exact study of this problem begins with t observations of Piissk 


and Heineke, who, in 1905, attempted for thi 
changes 1n hlood-pre ssure by 


investigators found that after the removal o 


l 


direct manometri 


observations, 


nsiderable i.) 


rst time to study 
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kidney substance, approximately two-thirds to three-fourths, by suc- 
cessive operations, a rise of blood-pressure occurred which was perma- 
and associated with cardiac hypertrophy and the elimination of an 
nereased amount of urine of lowered specific gravity. This result was 
not constant, but occurred in about 25 per cent. of the animals which 
survived, by at least four weeks, a considerable reduction of the kidney 
substance. In such it was observed also that arterial spasm with further 





se of blood-pressure quickly followed stimuli which in normal animals 


ould produce little effect. These observations suggest that the heart 


pertrophy is due to increased work resulting from the circulatory dis- 


turbances caused by the tendency to arterial spasm, and that the vascular 

spasm is due in its turn to the effect of retained toxic substances. 
The determination of the blood-pressure in these experiments was by . 

direct measurement in the femoral artery; single readings were made 

lore operation and one or more after operation. Although the differ- 

ences noted, varying from 15 to 29 mm. Hg with an average of 21.5, ar ; 
te definite, they are open to objection, as Theodore C. Janeway has a 

pointed out, on account of the well-known normal variations in pressure 

which occur from time to time. To obtain more definite information of 

the changes from day to day, Janeway has utilized in such experiments 


e universally accepted clinical method of determining blood-pressure. 
Ile has modified the Riva-Rocci cuff so that it may be applied to the fore 
eg of the dog, and the pressure determined with a minimum of error, 
estimated at about 10 to 15 mm. ‘This method of measurement he has 
ised on animals in which the renal substance had been reduced by Car- 
rel’s method of ligating several of the branches of the renal artery. 
Observations on such animals, in some instances covering a period of 
fifteen months, show, as compared with the normal readings before oper- 
ation, a decided increase in pressure; thus in one animal was observed 
aun increase from the average normal pressure of 90 mm. to an averag 

125 mm. after 100 days; in another an increase from 117 to 150 mm. 

lhe maximum and minimum pressures of the respective daily observa 
tions showed also the same relative increase. 

From a consideration of the experiments of Piissler and Heineke and 
Janeway, one cannot but conclude that a condition of experimental 
pertension of renal origin is brought about as a result of the reduction 

‘idney substance. Such experiments, however, as yet offer no expla- 
nation of the mechanism by which the hypertension arises. It can hardly 
due, in the extirpation experiments, to the influence on function of 
mere reduction of kidney tissue, for as I have shown, the “factor of 


safety” for the kidnev is such that one-hal] 


f of one kidney appears to be 
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sufficient for the proper elimination of nitrogen and presumably also for 
other solids. Nor in the ligation experiments of Carrel and Janeway 
ean it be due to the mechanical effects of the reduction of the kidney 
circulation, for, as Ludwig has shown, complete ligation of the renal 
arteries is not followed by permanent increase in the general blood-pres- 
sure. The single anatomical condition which is unavoidable and fol- 
lows all forms of injury is a varving degree of infarction-necrosis. This 
is slight in amount in the “polar” excisions of Sampson and myself, some- 
what greater in the “wedge” excision of other investigators, and from the 
nature of the injury must reach its maximum in the ligation experi- 
ments of Carrel and Janeway. In itself this infarction cannot be respon- 
sible for hypertension, but the persistent albuminuria in Janeway’s dogs 
indicates that it may be responsible for the development of a true nephritis 
which, of course, adds to the factor of diminution of functional area that 
of altered function. Similarly in the extirpation experiments, the irrita 
tion of sutures in the pelvis of the kidney, causes occasionally thi 
localization of the colon bacillus with infection of the infarcted tissu 
and the development of a pyelonephritis (Sampson and Pearce), which 
must exert an injurious action on the remaining kidney substance, and 
as time goes on, lead through attempts at repair to a more or less 
chronic lesion. 

I have gone into this matter somewhat critically because, although 
the results of reduction experiments are striking, the procedures by which 
they are obtained are not such as involve only a single factor, but bring 
several forms of kidney injury into play; that is, reduction of functional 
substance and productive, atrophic and vascular changes accompanied by 
the elimination of albumin and casts. In other words, a chronic lesion of 
the kidney, characterized by hypertension, heart hypertrophy and increased 
flow of dilute urine is produced, and this may be considered as an experi- 
mental disease analogous to certain phases of chronic renal disease in 
man, but it gives us no facts which explain the etiology of the vascular 
disturbances of the latter. The production, however, of hypertension 
experimentally is no smal] gain, and it is to be hoped that in future 
nvestigations the various factors involved in the experimental diseas 
may be analyzed and controlled, and that the essential etiology of exper 
mental renal hypertension established. 

There is one aspect of these studies which is of considerable theoret- 
cal importance. Piissler and Heineke state that although an increased 
flow of urine of lowered specific gravity usually accompanies the experi- 
mental heart hypertrophy, it may occur in the absence of hypertrophy and 


hypertension. This would indicate that polvuria is independent of 
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increased blood-pressure, and is of interest in connection with Loeb’s 
hypothesis of the influence of a glomerular reflex in the production of 
Vpertension This is based on the rrequency with which hypertension 
in man is accompanied by glomerular lesions (Schmidt), and on thy 


! } 


phvsiological law that the functional power of the kidney depends on the 


rate of blood-flow through the glomerulus. Loeb assumes that with 
vreat ncreased capillary resistance within the diseased glomerulus, the 
nerease of flow due to local vasodilatation is insufficient for the needs of 
the kidney, and that the glomerulus sends a call beyond the local vaso- 
motor system which, reaching the cerebrospinal centers, causes a reflex 
splanchnic vasoconstriction and thus increases the general blood-pressure 
so that a normal flow through the altered glomerulus results. This 

pothesis might well be applied to explain the results of reduction 


experiments. The demands of water elimination on the greatly reduced 


number of glomeruli in the persisting kidney fragment might readi 
excite a reflex splanchnic constriction to aid in the proper elimination 
of water hus would be explained the increased blood-pressure, and |} 
ts continuance the eventual heart hypertroph This attractive hvpot! 


esis cannot at present receive support from reduction experiments 
0) ria without increased blood-pressure, as observed by Pissler and 
Heineke, is found to be a frequent condition. Their experiments. howeve 
vere made on a comparatively small number of animals, and the investi 


gation of this hypothesis should be an important phase of future studies 


{ 


of the reduction of kidney substance. 


\s all forms of experimental reduction of kidney substance are 
characterized by loss of glomeruli and by either increased blood-pressure 
or polyuria, or both, and frequent Vv heart hypertrophy: and. on the 
other hand, as hypertension does not occur in the presence of a norma 
splanchnic circulation, it would seem possible, by properly planned 


reduction ¢ xper ments, ¢ her to disprove or to establish Loeb’s hypothesis 
and thus to clarify to some extent the at present confusing theories of 
vpertension in nephritis 

Several other aspects of this phase of renal disturbance might be dis 
cussed, as the influence of a possible internal secretion of the kidne) 
mn blood-pressure and the matter of the presence of blood-pressure-raising 
substances in the serum of nephritis; but to such problems the study ol 
the acute forms of experimental nephritis has little application, and thi 
results the study of experimental chronic lesions, thus far obtained, are 
either contradictory or entirely negative. 

In concluding this presentation, I admit that I have neglected severa 


mportant phases of experimental renal pathology and have treated others 





: 
: 
: 
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in a more or less Incomplete way Such omissions have been intentiona 


as I have preferred to emphasize those problems to which have been 


applied methods which offer a functional conception of disturbance in 


nephritis, and which tend to distinguish between the results of tubula 


as contrasted with glomerular lesions and to show the relation of thes 


to some of the more Important manifestations of renal disease To su 
a conception, supplementing the older anatomical knowledge, we must 
look for the ultimate solution of the problems of nephritis 
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INTRODUCTION 
t th 


pened at the very beginning ol ventricula 


pressure must be raised above the pressure 


n the aorta before the valves ar ope ned, and in order to do this a definite, 


measurable length of time is required. This time is known as the pre- 
sphygmic period or interval of the cardiac evel 

The purpose of the present work has been to measure the time of this 
period between the beg nning of ventricular contraction and the opening 
of the aortic valves, and to s 


logical conditions. It 


seemed 


overcome the aortk pressure 


tudy its variations under different patho 


ikely that the heart would be unable to 


and so send forth the pulse wave as qui 


under rtain abnormal as under normal conditions, and the study was 


undertaken 


with the HOM 


btaining results that would be o practica 


ol o 
clinical value, as well as an addition to the theoretical knowledge of th 
pathological physiology of the circulation. Results that may prove val 
able from each point of view have been obtained 

Il. PRESENT KNOWLEDGE OF THE SUBJECT 
The present knowledge of the length of the presphygn ce period ts 


ilmost exe] 


at so man\ 


usively confined to 


different figures, 


sidered as still unsatisfacto1 


by various 


Lnuspannun 


pe riod by \ 


t} 


=< normal length, and as this has been set 


| 


e norma presphygmi period can he col 


measured. ‘This period has been known 


names. It was called the presphygmic interval by Neyt, thi 


qzeit or exertion 


time by Landois, the Verschlusszeit or ¢« lose 


lartius, the Latenzdauer der Pulscurve or latent pulse time 


Edgren, and the svspasis bv Garrod. All of these terms indicate a slight 


different e 


closed pe riod of Martius. needs comment. Mart us conce ived 0 


as that time 
sible when 
presphvgm!l 


relation to 


mception ol 


when all the 


t 


} 


( 


period, and but one, the Verschlusszeit on 


an incompetent 


] ; 
( period ron 


~t 


the intra-aortk 


time during which the 


f the peri 


art-valves are closed, a condition that 1s Im pos 
valve is present. Our conception of th 
itself on the intraventricular pressure In its 

pressure, and we think of it as that period 


} 


contracting left ventricle is raising the intraven 


tricular pressure to overcome 


The pre 


under the « 


sphygm Cc yM 


lirection of 


I 


was first measured in man bv Rive. working 


T 


e intra-aortic pressure. 


Donders. who determined its duration as 0.07 


] 


second. This work was followed by Landois, who gives 0.085 second for 


its time. Various methods have been emplove 


1 


| for measuring the pre- 


sphygmic pe riod in man, the prin ipal one being measuring the length of 


time betwee 


} 
eardiogTram., 


nm the beginning « 


or the occurrence 


ventricular systole as determined by the 


f the first heart tone at the apex, and the 
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appearance of the arterial pulse wave in some vessel, usually the carotid 
artery, at a point of known distance from the heart. When the time of 
wave transmission is subtracted from this interval, the time between the 
beginning of ventricular contraction and the starting of the pulse wave, 
the presphygmic period, remains. Tracings have also been made simul 
taneously from the apex-beat of the heart and from the aortic aneurisms, 


when the time of wave conduction can be ignored. In a few cases the 


prespi gmic pe riod has been measured where the human heart has peen 
practically exposed by operative or congenital defect of the chest wal 

Martius considered the ascending limb of the cardiogram as representing 
the presphygmic period, and he and some others have estimated its length 
by measuring the duration of this part of the cardiogram. The presphyg 
mic period has also been determined by subtracting from the entire 
systole of the ventricle as determined by the cardiogram, that part occu- 
pied by the pouring out of blood as determined by the sphygmogram. The 
difference in time between the occurrence of the first heart sound at the 
apex of the heart and at the base has also been determined, and may rep 

} ] 


resent the duration of the presphygmic period. Tigerstedt finds in his 


tracings from the aorta exposed by an operative procedure a small wav 
fore the main systolic wave. This, he believes, represents the period, 
ind measures its length as that of the presphygmic time. 

lable 1 shows the results of various observers and their methods. 
Obviously there is little constancy in the results. This is partly du 
to the use of the various methods, all of which contain intrinsic errors. 
lhe chief difficulties in measuring the time between the beginning of 
ventricular systole as determined by the cardiogram, and the appear- 
ince of the carotid pulse as determined by a sphygmogram synchron- 
ously taken, lie in the exact determination of the foot-points of the 
tracings and in the correction for the wave transmission time. These 
two possibilities of errors will be further considered. The measurement 
of the interval that separates the pulsation in an aortic aneurism from 
the beginning of ventricular systole should be accurate, but under thes 
circumstances the circulatory apparatus is not normal, and factors which 
will be shown later to alter the length of the presphygmic period are 
probably present. That the ascending limb of the cardiogram represents 
the presphygmic period has already been denied by Hilbert and others, 
with good reason. ‘The tracings of Erlanger from the exposed heart 
have given a very long presphygmic period, or “period of rising tension,” 
as he calls it. But he questions his own results in the measurement of 


this period. They were obtained by measuring the difference in time 
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between the beginning « 
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cardiogram and thie 


appearance of the pulse-wave in the brachial artery, and allowing for the 


time of 


wave transmission. A 


mistake 


in these calculations 


has made 


the time of this period about 0.015 second longer than it should be.’ 


An extensive study of the presphygmic period in animals is that of 


Hiirthle. He 


seconds for the duration of 


used dogs and rabbits, 


the pe riod. 


and for the former gives 0.02-0.04 


A study of the 


} 


nanves 


effects of ¢ 





* Normal 








Pathological! 


1. At the request of Prof 


in calculation in his paper entitled 
Johns Hopkins Hospital Bulletin, 1905, xvii, 394 


ative Defect in the Chest Wall” 


Erlanger we 


“Card 


wish to call attention to an 


iogram Obtained from a 


Case of 


inaccuracy 
Cpe 


In estimating the time of transmission from the base of the heart to a point 35 


em. distant on the brachial artery, he says that as the rate of transmission in the 


brachio-radial artery of this case was 6.8 meters per second, the delay, or time of 


pulse wave transmission was 1.8 divisions of his time marker, which recorded 0.02 


seconds. or 0.036 seconds 


, 


or approximately 2.5 divisions of 


the time 


1 
marke! 


rhe proper time of pulse wave transmission is 0.0515 


TABLE 1 RESULTS OF VARIOUS OBSERVERS AND THEIR METHODS 
rime of Pre 
ear of sphygmic Period 
Observer Publication in Seconds Method 
Rive 1866 0.073 Cardiogram and carotid pulse 
Corrected for transmission 
Landois 1872 0.085 First heart tone and carotid pulse 
Corrected for transmission 
Grunmach 1SS85 0.07 Not given 
Keyt 1SST 0.06 Cardiogram and carotid pulse 
Corrected for transmission 
Martius 1SSS 0.07-—0.14 rime of ascending limb of cardio 
gram 
Edgren 1SS0 LOST—O.003 Cardiogram and carotid puls 
Corrected for transmission 
von Ziemssen and von Maximowitch 1SS0 0.08—0.17 Ascending limb of cardiogram 
from exposed heart 
1800 0.045—0.06 Cardiogram and pulsation if 
aortic aneurism art of as 
ending limb 
Hiirthle 1S91 0.06 Cardiogram and carotid puls 
Corrected for transmission 
Hilbert 1891 0.06-—0.12( 7) Cardiogram and carotid puls« 
Uncorrected for transmission 
Schmidt 189 0.02—0.04 Cardiogram and carotid pulse 
Corrected for transmission 
oatitnn 18! ones 0.10° Cardiogram and carotid —puls 
OTT—0.154 Apparently uncorrected fo 
transmission 
Einthoven and Geluk 1S04 0.06 Difference between at heart tone 
at apex and base 
Miiller 1S95 0.025 —0.07 Cardiogram and pulsation f 
aortic aneurism 
Jaquet and Metzner 1901 0.02—O0.03 Cardiogram from exposed heart 
and innominate artery ‘ 
rected for transmission 
Jiirgensen 1903 0.07 Not given 
Erlanger 1905 0.12—0.18 Cardiogram from exposed heart 
and brachial pulse ( rected 
for transmission 
Luciani 1905 0.08—0.10 Not given, 
Tiderstedt 1908 0.051 rracing from exposes orta 
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n aortic pressure and of various stimulations are included in his work. 


Marey measured the period in the horse, and found it to be 0.01 second, 


while Fredericq gives 0.07 second for the dog. 


Il. METHOD OF PRESENT STUDY 
rhe present investigation of the presphygmic period is based on a 
study of about sixty patients, from whom between six and seven hundred 


tracings were made. Over 500 of these tracings were studied, but only 


about 200, representing 20 of the 60 patients, were used as a basis for 


conclusions. As much care as possible was exercised to exclude faulty 
or wrongly interpreted tracings. The method employed consisted in 
taking a series of tracings from each patient from the apex-beat of the 


heart, carotid, brachial and radial arteries and from the jugular vein, in 
various combinations. The difference in time between the beginning of 
ventricular systole and the appearance of 
time) was measured from the curves. The speed of pulse-wave transmis- 
sion was measured in the brachial and radial arteries by taking tracings 
synchronously from two points on the arm at a known distance apart. 
By this means the speed of wave transmission per centimeter in each 
patient was determined, and this was multiplied by the distance from the 
second right interspace on the chest wall to the point where the carotid 
tracing was obtained. By this means the time of wave transmission from 
the aortic valves to the carotid artery (S-C or semilunar—carotid 

time), was determined. By subtracting the S-C time from the V,-C 
time, that is, subtracting the time of wave transmission from the time 
between the beginning of ventricular systole and the appearance of the 
carotid pulse, we obtain the presphygmic period. The time between the 
ventricular systole and the appearance of the radial pulse-wave, the 


\V.-R time, was measured to obtain a controlling factor. The jugular 


pulse tracings were used to aid in the interpretation of the cardio- 
erams Although the method is simple, it contains both inherent inac 
curacies and technical difficulties. In order to minimize the effects of 
these difficulties tracings were. in all cases that were finally used, taken 
two or more times until an agreement of results occurred. The tracings 
were taken by the Jaquet sphygmocardiograph, with which, after consid- 
erable practice, satisfactory curves were obtained. The double lever action 
of the writing levers, the benefits of which have been recently pointed out 
by Petter, and the horizontal rather than vertical movement of the 
writing-points, are both features of the instrument that make it preferable 
to the usual types of drum kymograph. Of course, the convenience of 


its application and its portability make it very suitable for clinical use. 





the earotid pulse (the V -C 
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The time relation of two curves 
measured by that part of the time-mar! 
the measured interval. The time-cury 
All measurements were made from « 
Was running at its faster speed 3 
per second. The tra ngs m the ra 
transmission, as arranged in the Ja 
apparatus for all other curves was, ex 
funnel, with air transmission. 7] ca 
the patient lving slightlv on the left s 
The results Irom oniy those trac 
conditions were used In each curve 
fulfilled : 
1. The beginning points waves 
s| irp to ensure their accurate tt ! 
2. The waves must all le 
Signs ol technical detorn I ‘ : 
motion of the vessel or heart 
». The distance between t nts 
14 nning and end of a < e mus ‘ 
taken tracings. ‘This was t 
the apparatus 
To calculate time r : 
a racing that { thie 
these measure ents a 
averaged. After mat Oly tio 
considered as 0.010 seco! 
IV. CRITICISM O} 
The presphvgmie yp can < 
centage Of cases, tor niess ‘ 
the heart, or unless there is s 
exposure of the heart. it is 
tory for stud Chere ‘ te 
period is especia diffi | 
make it IM possible » meas I 
mathematical correctness | 
possible, and to keep : es 
real 
It is imposs t t 
wave om the aorth es 


G. DRAPER 


irves taken when ti 


e paper movin at 


quet sty ment 
er? ! IM j lis 
‘ ns were ~ 
’ \ ‘ 
s W 
Live | ne ¢ ne 
{ T ? - 
t , 
mia S es 
ent S eT 
) 
i 
, 


‘ al 
1) ae 
nstrun 
out 10 
] 
“i DV & 
t rt ‘ 
es. al 
7 ‘ 
: { 


—— 








a4 PRESPHYGMIC PERIOD OF THE HEAR 





nsmis-ion in this stretch of vessels can not be direct measured 


Nor does it seem correct to consider this time a constant in all cases, as has 





eel several previous Investigators, since the extensive work of 
Nevt shows that many factors may change the speed of wave transmis 
“on, and since Grunmach gives tigures to show that pathological cond 
ons mi produce these changes. So it was considered more near 
oaching accuracy to determine the speed of pulse-wave transmission 
er centimeter in the vessels of the arm in each case, and to calculate the 
S-C time with this unit. For this purpose, tracings were taken fron 
e right brachial arterv at an average distance of about 40 cm. above th 


rist svnchronously with tracings taken from the left radial artery. Fron 

ese tracings the speed per centimeter in the arteries of the arm was 
tained by dividing the total time intervening between the brachial and 
al wave by the distance separating the receivers, 


error in this method are that there ma 


e three possible sources o 


in transmission by the spring and air methods, that the 





‘ lracing | lracings from both radial arteries (from Case 9%): left with air 
transmission, right with spring transmission showing that the waves are 
recorded synchronously 

<¢s in the two arms may not be synchronous, and that the speed of 
wave travel may not be, and Is probably not the same, up to the caroth 
inte as it Is along the arm 

Ihe first of these possible sources of error was eliminated by the fo 
owing procedure: Curves were taken from the two radia pulses, 
synchronously, one by the usual spring transmission and the other by a 
specially devised receiver with air transmission and without the use of 
inv spring. The two receiving methods were then reversed and the spring 

insmission applied to the right wrist instead of to the left as at first 
and vice versa with the air transmission. Under both conditions the pulse 
waves fell accurately together (Tracing 1). This result shows not on 
that the two methods of transmission are olf equal speed, but that the 
radial pulses were in the two cases in which this experiment was mad 

: 








; 
: 
: 


eet oe teeta 


ce 


“<> ei 


-Vhichnronous., exc ent curves ) Ix. 


nh severa stances show 
the radial pulses are normally synchronous 

In a number of cases tracings were made from the radial and b1 
artery synchronously on the same arn This method VaVs g as 
speed of wave travel than when the crossed method (brachial tracin 
one arm and the radial tracing from the other) was used, so tha 
considered that pressure exerted on the rrachial arte! caused a cde 
the pulse-wave below this point Kevt has shown that this is 
Therefore, the crossed method Was considered more accurate Phe 
radial pulses were always palpated together to determine as far as pr 
whether thev were svnchron us or not. The effect of slowing of wave 
due to pressure may possibly account for the much slower speed obt 
by practically all other observers. \n attempt was made to ce 
formula by which the speed of wave transmission in the arm vessels 
be corrected for the vessels eading to the neck ut this was not pos 
and the speed ol wave transmission as found in the arm arteries 
applied to determine the time of transmission to the carotid art 
not easv to savy whether this procedure makes the S-¢ ins! 
too long or too short. The question OL Wave transmission in the 
vessels Is a very complicated one It has been recent discusse 
Nicolai, who savs that speed of wave travel must be greater in the 
than in the arm vessels. and it is more rational to believe that ‘ 
wave travels at a more rapid rate up to the carotid from the heart tl 
does along the arm arteries. If this be the case our correction fe t 
mission has been too great. Grunmach. on the other hand, g : 
that indicate that the speed of pulse-wave travel is less 
than it Is along the arm atteries His met (is dest ‘ ticis! 

He measured the time between the appearance of e carot wa 
the beginning of the ape ea mn synchro! : iken tracings 
issuining that the presp LDL Le " (| Was a nstant ~ ~ wt 
from this time Che results « our wo! snow that this assul tion 
not warranted, and so it mav have led to ina ate results. He g 
tracings from which to judge of his curve interpretation. Keyt’s thor 
consideration of this point led him to a definite conclusion that thi 
wave travelled slowest in the aorta, and s results as obtaine 
constructed scheme of tubes and pump can be applied t ( n 
sm, his conception Is sure correct. 

It seems more likely that the pulse-wave travels to the ea 
arterv more slowly than it does along the arn ind there e more 
should have been subtracted from the V.-C time an W ul t 
eet the correct time of the pres} gmc pel 
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etermination of the speed of wave transmission in the arm by 


] 
| 


the met s which we have emploved cannot be considered entirely satis 
lactor \t first tracings were taken from the brachial artery by the 
ipplication of a well-fitting rubber-rimmed receiver, but with the hope 


, 


ng better results in the last ten cases the turgosp! vgmograph of 





XC ows was emploved, as well as the funne! receiver, Koziezkowskv’s 
ent did not prove very satisfactory for our purpose, and in onl ‘ 
three if the ten cases were better curves obta ned with t than with the 
funnel receiver (Tracings 2 and 3) Ihe average speed of wave trans- 
mission in the arm as obtained bv the funnel receiver over e brachia 
= 14.15 meters per second, while with the turgosphvgemogra}] t 
vas 16.46 meters per second. As the tracings from the radial art 
ned a constant. the method that gave the slower transmission speed 
s considered the better, as it is the method which recorded t 
( mpulise in the brachial art For a stret ot 40 em. « 
. Lie eng sua em ‘ tive erag transmission time 
i 
3 
7 
: 
: - 





Iracing 2 Curves from brachial and radial arteries: brachial tracing ob 
tained by funnel receiver Case 18 
wit! tlhe rune transmission was ©.02S seconds ind tor thre turgo 
S} emograph 0.024 seconds. The extremes of transmission speed that 
were emploved in the caleulations were from 8.35 meters to 20.0 meters 
per second This transmission time is distinctly faster than the figures 
vel others. Erlanger gives 6.8 meters per second in the brachial and 
ulial arteries, Grunmach, 6.15 meters per second from the heart to t] 
radia se, Hiirthle, 6 meters per second. Landois 9.42 meters pet 
second in the arm arteries, and Jaquet and Metzner 5.33 between th 
nominate and the carotid arteries 
Wi ive preferred, however, to take the figures as we have found them 
n ¢ se, rather than to ado t from the figures of others a standard of 
nsmission tor all cases Although we feel that correction of 
trans sion time om the sen na Vaives to the roth irte! = not 
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closely as possible, and that the error must cause such a sma Inaccurar 
n the calculated time of the presphvgmic period that it can be practical 
ignored. The speed Of wave transmission in the arm, together wit Lie 
presphygmie period and diagnosis is given in Table 


A number of technical difficulties which were found to lead to inco1 


rect results had to be carefully guarded against. It was found that the 

. smoked paper strip could run through the Jaquet instrument obliq 
<0 that the distances between the points where the various writing levers 
rested before starting and after stopping the instrument were not the 
same in the three synchronousl\ taken curves Indeed, the distortion 
could be so marked that when the point of departure of the measurin 
compasses was taken at the beginning of the strips one set of wave rela 
tions resulted, while, when the point of departure was taken from the 
terminus and the strip measured backward a totally different wave rela 
tion was obtain Vig nce Vas alWavs necessal Lhat mistakes n 

j 

: 





lracing 3.—Curves from brachial and radial arteries brachial tracing ol 


tained by turgosphygmograph 


not occur i e many measurements and cak itions t vere neces 
sary. 

But the chief diff was d in determining the exact positior 
the foot-point or beginning point e Va s rves, and in de ne 
when the foot-point actually represented the beginning of the irious 
movements in vessels or heat \ simple rule that aided in the interpre 
ta m of curves Was the ) Wihg \! er! nm tive t-poll thie 

rst ot tw synchronous waves tends to lessel i! erro! nm tine | 
point of the second tends to lengthen the distance between th 
points of the two waves It is often especia ditt t to know \ 
the tracing trom the caroth ( : wed the rst movement Ot tha 
esse] The importance of determining that point ts strat 








: 
; 
¢ 
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receiver Was not resting on the vessel, and was not at 
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esseis, or when tli vesseis were so deep-lving that prope! 
waves were sometimes preceded by a defi 


negative nfluence, w ch, of course. made accurate deter 


the proper foot-point impossible. In other tracings thy 
» of the curves was preceded by a flat base. which indicated 


the movements of the vessel. In one tracing from the carotid 
irked anacrotic wave was present in the first waves, it had 
appeared before the end of the tracing. With the disappear- 
= wave the tracing would have become quite inac¢ ite It may 


yposed that through thickened arterial wal 


ve conveved so quickly as through 


soft, relaxed walls, and that 


pressure could be put on a vessel, especially on the radial artery 
ng of the sphvgmograph, that time would be lost in overcoming 
re before the writing lever would be moved It is possible also 
7) 
'ratic 
PY 
j 
True ‘ and false ‘ ind ¢”) foot-points of carotid wave 
ts incorrect determination may alter the measurement of the pre 
P.P.. P.P’ and P.P \ indicates relatively where foot-point 
n uld fall 
smoked paper can interfere with the movements of the 
< (ll of these faults of technic have been kept in mind. and 
them was detected the tracing was not used. 
rable study and practice was necessarv in order to determine 


the beginning of ventricular svstole trom the cardiogran 
nt can be determined accurately Trom 


cardi grams is 1nd 


an observation by Hiirthle, who took svnchronously tracings 


the left ventricle of a dog by means of a sound. and a car 
the chest wall, and found that the beginning of ventricula 
aL ited at the same time by both tracings The exact deter 
( nan cardiograms otten presents a ¢ culty Wi 
me others ive ovel \ I 
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no A. wave appears, the foot-point of the V. wave Is uncertau | ep 





tions to this rule are found In cases with paralysis of the aurict wii 
the A. and V. are not properly coordinated \nother reason W the .\ 
wave = Important Is that it practica assures that the eart is ainst 
the anterior chest wall at the eolnning of venti ar svstole, nal ft 
the first effects of ventricular systole are recorded 

racing 4 Showing A, wave of the eardiogram in its more erfect torn 
first part negative and the seco i positive wave lhe | wave is also s v! 
= seen to be svnchronous with the ive n the jugular tracing ( ase 4 

The A, wave of the cardiegran nsidera n fo 
relation to the \ Vave wit t there being anv dissociation ¢ 


! ! yhen posit ( ne e to the 1 ~ i it l 0 The \ el 
negative. Th en combined, the negat va 
not <eey on ri? Q rhe ( ~ ‘ ‘ ( 1) t ~ 
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(Tracing 6). In some of Erlanger’s tracings from the exposed 
e A, and V, waves are nearly merged into one and form an 


t unbroken ascending line. As that author remarks, it is therefor« 


= that under certain circumstances the two curves might be actually 


n shablv merged. In such a case it would be impossible to 


ne from a study of the ventricular cardiogram alone the moment 
beginning of the ventricular contraction. Miiller has also noted 


sible confusion between the A, and V, waves. 


here is another wave which occurs not infrequently in the first part 


cardiogram. and which may be readily confused with the A, wave. 
vary in position even as much as the A, wave, but usually occupies 
resent the lower half of the ascending limb of the cardiogram. It 


e. however. along the base line of the cardiogram in a horizontal 


Then it is especially easy to confuse it with the A, wave. This 





Iracing 5 The A, wave is seen distinctly separated from the Ve. wave 
Bigeminal pulse lhe first cardiogram of the pair shows very short V.-C time 
the second a very long one (Case 8 
onfusion has been recently referred to by Pachon. This wave was pres 
nt in various forms in four of our twenty-one cases. As it lies between 
the A. wave and the main V,. wave, we shall call it “I” wave. It corre- 
sponds, at least in time, with the I wave of the venous pulse (B wave of 
Piers [Tracing 4]. The significance of this wave has been discussed 
Vv Ja et and Metzner, who believe that it is part of the V. wave, but 

ome to no conclusions as to its cause. Tigerstedt offers the follow 
ng explanation for the intersvstolic wave: Through auricular contra 
on the ventricular walls are expanded, and then contract through their 
ist before svstole begins. By this means the pressure in the ven- 


} } } 


= raised above that of the auricle, and the auriculoventricular valves 
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ur’ osed efore the \ evins | = 1s ( ! =\s ( Pp - 
has considered this wave as represent ng the presphven period | @ 
conception wl | be referred to later We believe. howeve . Jaquet 
and Metzner that the I wave is part of ventricular svstole Pachon offers 
experimental evidence for the same conclusion. We have found t some 
mes the occurrence of this wave is markedly influenced the positior 
of the patient, and that it is more prominent when the patient lies on 
his back than whe n lie Ss on the eft side (Tra ngs 7 and 8) ! ‘ 


cardiograms Hoth the \ wave and the | wave are seen (‘] ra ! = 4 an ') 
In Tracing 9 the two waves are especially well seen in their most mmol 


rms. The relation between this wave and the pres} n peri \ 


be spoken of later. 





racing 6 The high-standing A, wave which m: mask the beginning of \ 
is seen (Case 5 
hnys were made na cases Ih W { Was Poss ( n vhere a4 
n severa Cases we were ded nm? rte re if r) il ! S 


It is practically alwavs iss eT distinguls ‘ \ ‘ ! { 
wave by the jugular or es Lure racings ! there el 
Waves have been contused D sone W ) ive worked pre 

rams, and that son st ‘ S ‘ ( 
errol 

In cases giving unus cardiograms, the me ” 

Frank was emploved, ar curves were obtains that ere ¢ dist 
aid In determinil the ut loot-points 
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\ RESULTS OF PRESENT STUDY 
ment of the regoing met! : 
Interpretation we eit sure we rT 
or eliminated the error that woul 
irdiograms or from the use of fau 
ases [rom whk com Islons have 

e point ¢ egvinning of venti 
[Ss Of this work can lye ulated as 
ases are arranged according to thy 
Lith Measurements are 1 second 

(except where two ligures are g 
e absent tracing taken with pat 
me of the shorter V\.-¢ Imes from 
ee Tracing 13 
ay apy red at a certain point i 
( enti i “Veto Ss indicated 
ir’ inte! ave oot bout 15 en 
Was the point where the puise co 
meter ¢ “P-Wwave 1 i mn the 
t = ting ti; ins Se 
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the calculated time of wave transmission from the semilunar valves to 


the radial artery. This is obtained by subtracting the presphygmic time 
from the V.-R time, and is of value only as a control, especially on the 
speed OL Wave transmission, 


Althou 


of the normal length of the presphygmie period, the variations in its 


gh this table shows the details of our findings, a better idea 
length and relation to other circulatory variables can be obtained from a 
table in which the cases are arranged according to the increasing lengths 


ol the presphvgmi period (Table a). 


aortic stenosis { 7) 


The normal presphygmie period is not easily determined, not only on 
account of the fact that it is nearly impossible to measure it in perfectly 
healthy individuals, but also because from a series such as ours it is very 
difficult to determine where the abnormal merges into the normal, and 
vice versa. But it is evident that those figures lving in the middle of our 
series represent more nearly the normal than do the extremes. We believe 
that the normal presphygmic period has a duration of from 0.07 to 0.085 


seconds, but, as has been said previously, this cannot be considered 


more than relatively correct, and not of absolute mathematical accu- 





rABLI ; CASES ARRANGED ACCORDING TO INCREASING LENGTHS OF 
PRESPHYGMIC PERIOD 
Speed 
if Wave 
Trans 
mission 
Pulse-Ra Meters 
yhvaer N f Llood-Pressu Der Der 
iod (‘as Diagnosis mm. Ig Minute Second 
0.113 16 Myocarditis, paralysis of auricl S—1sS0 D—100 7S8—107 12.5 
arrhythmia, arteriosclerosis 
O.0S8S s Arteriosclerosis, myocarditis Ss 18 Db oP) is 64 15.5 
1 Arteriosclerosis s ee 7 8 14.7 
Hos. lw Neurasthenia, bronchitis ind Ss oe 1) 70 S 11 16.1 
pharyngitis 
mil Myocarditis, arrhythmia rhe s th I) i) ie mL AL 
matism 
Aorti and mitral insuffi eT ‘ = 1 4 I) 2 el 
syphilis 
14 Aorti nsufficiency, sypl S125 D 1m 11.8 
Laryngitis s 1.S 
Neurasthenia, neurotic arrhytl s 15 h6OU@i 7 ry 14.: 
l 1 
117 1% Aortic and mitra nsufficiency s 110 1) ral i i] 15.6 
irrhythmia 
I Pleuritis s 110 I) nab > 1t.f 
Articular rheumatism S— rae D ") 17 8.7 
i Gout and polycythemia Ss 3 I) “) ss 12.2 
l Articular rheumatisn s ro COT SS 17.7 
iz Chronic nephritis S—19o) DP 1s0 , =0.0 
0.168 17 Mitral and aortic insufficiency s | By I) oo 67 78 15.2 
mitral stenosis, auricular paral 
ysis, arrhythmia 
1s Myelogenous leukemia mitral Ss os D 7) 74 11.8 
insufficiency (7) 
0 Aortic insuff.. coronary § sclero S—130 D oO re 13.4 
sis, syphilis 
) Aortic and mitral insufficiency 8—123 D 70 70 11.1 
13 Chronic nephritis S—145 pb—115 7s 11.2 
i Aortic and mitral insufficiency Ss 10) 6D 73 10.5 
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racy Che normal lengt the } 

ot that period in a subject who possesses 
ire under a_ healt! normal nervy 

eart and vessels and a deranged net 

out changin the presphvgi pero 

ve denied But we elleve that whe 
sphvgmic period departs [rom these mits t 
of some circulatory abnorma Pathe 


presphvgmic period to be sl 


tors producing both chan 


balance each other, and si 


limits of normal. 
Cases 2, 6, 7, 11 and 


pleuritis, articular rheumat 





lrac ing Ss racing Irom same 


seen Patient was lving flat « 


normal hearts and vessels 


limits of 0.07 second and 0.085 second. 


sidered as the nearest to not 


Cases 3 and 14, which 
deranged circulations, wl 
presphygmic periods lying 
abnormalities. 

The variations in blood 
tions In the presphygmic pr 
n Table 2 show no appare 
and the amount of either 


blood pressure was det 


m his back 


Their pre 


the svs 
ned ) I 
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mic period. This, 


nensured nh man. 7 ere does seem, howe er, to wm SOTHE 


n the short presphvgmic period of t 
I 


first two cases and the 


r 
difference between the svstolic and diastolic pressures, the 

re amplitude This condition of blood-pressure, combined 
SCICTOSIS, IS We believe, the probable cause ol the short periods. 


ther discussed. That thet 


e experimental findings 


s otherw 


se no apparent re 


of Hiirthk He raised the 


instead of produc 





seen in their most common 


pressure im dogs by direct pressure, and 
! " A. and waves both well 
ned period, as Was expected, he 


on t 


r the presphygmiec period 


wel ntra-aorti pressure, 


wcommodating power of th 
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; 
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] 
ood 


with 


ation 
aortK 
ne l 
forms 


found that there was at least a 


he shorter with the higher 


circulatory 


tus affording an example of 


apparatus 


se-rate in various cases bears no apparent relation to 


the presphygmic periods. 


e question of the effect o 


dual have been obtained, « 


the m riod does not chal uv 


Although 


changes i 


evidences 


with the 
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no satistactory curves 


1 the pulse-rate in 


seems to indicate 


julse-rat to the extent 
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Ine helieve t to do. We believe also that Garrod is in « when hn 
ays that the period decreases in lengt is the pulse increases in “0 
that when the beats are 170 per minute the leng of the pe s 
reduced to nothing. Ind ed, the experiments o Hiirthle on dogs give 
contrary evidence. He varied the heart-rate by vagus stimulation without 
producing variations in the length of the presphvgmic period We fee 
that the relation to the changes in the heart-rate is an unsettled question 
The speed of wave transmission as measured in the arteries of the 
arm bears no apparent relation to the duration of the period (Table 2) 

The relation of valvular heart disease to the ength Of the presp oii 

period is of especial interest, and we have studied aortic insufficiency and 

mitral insufficiency from this point of view. The effect of valvular lesions 
has been studied by Hilbert. Hochhaus., and especially by Kevt. Hilbert 
estimated the period in five cases of aortic insufficient vy. pure and con 
bined with other lesions, and concludes that in hearts in good compensa 
tion the presphygmic period is not altered by insuflicient aortic valves 
Hochhaus gives the length of the period for groups of pathological cond 
tions. He found that the average time for six cases of mitral insuflicien 
was 0.093 second. He considers 0.07 to 0.10 as the normal time in 
savs that in six cases of mitral stenosis the variations were within norma 
mits. In two cases of uncomplicated valvular disease with ar mba 

: lengthening was present. The extensive study of Keyt on the effect « 
valvular lesions, both on the presphygmie period of man and of an art 
ficial heart and circulatory apparatus, led him to conclude that mark: 
aortic insufficiency produced great shortening and mitral insufficien 
engthening of the period. He believed that these facts had very impor 
tant diagnostic value. Altheugh his tracings are in the main excellent 
iis reasoning correct and his point of lew entirely rationa = com 
sions are borne out by our findings only in part. 

As first pointed out by Kevt, a theoretical consideration of mitral 
nsufficiency would lead to a belief that this lesion causes a Jengthenin 
of the presphygmic period. The rush of blood backward into the auricl 
during systole would make it more difficult for the ventricle to raise the 
ntraventri ular pressure, and therefore it would he expected that a ongel 

: time than normal would be required to overcome the intra-aortic pressur 
In aortic insufficiency, however, the constant communication between 
: the aorta and the left venti cle tends to lessen the diffe rences Of pres-ure 
. that are present at the end of diastole, and so the intra-aortic pressure 


should be overcome quickly, When the aorti valves are practical 
absent, a condition that probably almost never occ 


the V.-C time is reduced to the transmission time. as tl 


ie 








a 
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aorta rests on the ventricular walls instead of on the aortic 
ese theoretical considerations do not seem to hold true for th 


apparatus of man as the do for the artificial heart and 


e encountered too few cases of uncombined valvular lesions te 
te conclusions. Of the eight cases which were judged clinically 


ncompetent valves, two showed a shortened and six showed a 


il prespl VyetInic pel od The cases of shortened aL riod both had 
flicleney, one pure, and one combined with mitral insufficiency. 
cases with aortic insufficiency, combined with other lesions 


nothened periods In the two cases it seems very likely that the 


l 


presphvemk period was the effect of the aortic insufticienev. 


e period was not shortened other factors, especially the mitra 


ma have offset the effect of the aorth nsufhicieney 





racing 10 Showing short V.-¢ 


rrdinating the clinical study of the cases, when signs of 


onal capability were especially considered, we believe that the 


ength of the presphvgmie period depends more on the lack of 


e heart to meet the demands on it than it does on valvular 


emselves, Weight is given to this suggestion by the findings 


omplete studied cases. The first was a case of pure mitral 
nw ‘ there were definite signs of decompensation. The 

( time was 0.111 second. whi would give a presphygmi 
t 0.10, a marked lengthening. In the other case there 
nsutlicien “ out decompensation The average 

~ (} OOH mn ie ‘ resp oy c om il t assumed 

if ‘ YY ' ol = t nae! ‘ n i nN s In 


time: 














ee 


G. ¢ ROBINSON—G. DRAPER 


these two cases lesions giving similar cardiac murmurs wet! 


while there was a marked difference in the ability of the two 


147 


meet the vital needs, and we believe that it was more the differene 


general condition of the circulatory apparatus due to the combinati 


ist? 
sent 


. i 
m < 


abnormalities than it was the valvular lesions alone that produced the 


marked differences in the presphygmic times. It is difficult, however, to 


say just what role the valvular lesions as such play in producing 


\ 


tions. As the study of the two foregoing cases Was not completed, 


have not been used in our series. One patient became so il] that 


figure 


inadvisable to repeat the tracings, and so to control ou 


second patient left the hospital before the second tracings coul 


Arteriosclerotic changes in the circulatory apparatus appear 


a marked tendency to shorten the presphvgmik Lime Five ol 


“ 
ot 


cases which have a presphygmic time below 





marked arrhythmia with varyingV.-C time (Case 16 


normal limit, give grounds for believing that the arteries were 


The two exceptions, Nos. 10 and 20, were cases of arrhythmia 


only occasionally presphygn ic periods of slightly shorter dur: 


t} 


the normal time, undoubtedly due to factors other than arte 


Che three cases of outspoken arteriosclerosis that were studied 


8 and 1, are the three that show the shortest presphvgmi time 
these cases, It is true, were arrhythmic, and in them n ong 
than these lower limits were usua seen, but the hearts in 
under certain conditions were capable of having presphvgmic t 
edlv less than the lower norma nit (Trac ngs 5 and 10) 
The two cases, Nos. 3 and 14. w h showed presphvemk 
below the normal limits, in spite « the tact that the hearts 


has been taken 


the 


t seemed 


aT 


the 


and the 


mack 


ist 
af 

than 
lt 











odating 


contractility of the vessels the pressure in the 
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ible functionally, and showed aortic insufhiciencyv, were svph- 


av be. therefore. that conditions approaching those found In 


sclerotic cases were present and may have been a factor in 


period, 
already been suggested, it seems likely that the shortening 
(doin arteriosclerosis bears some relation to the large blood 
plitude, It is necessary for the heart to contract for hy 


overcome the peripheral resistance produced by inelastic 


= lea K O| elasti ty probably deprives the Vessels oft the r 


ower and prevents them from contracting as readily as 
ls in order to maintain the blood-pressure. Owing to this 
1] 


larger arteries drops 





ift 

Ve 
ol 
nN 


Showing long V.-C time; compensation good (Case 13 


e pulse-wave has passed. and a low diastolic ] 


pressure = 


irteriosclerotic cases there is present, therefore. a strongl\ 


ntricle, overcomir low end-diastolic intra-aortic pressure, 
ng a short presphygmic period, It does not seem clear why in 
ry short period occurs without a large blood-pressure ampli 
a t seems qu te reasonable to suppose that with oss of 
the circulatory apparatus, the opening of the valves would 
ddenly and sharply. 

ening of the presphygmi time Was alWavs present in each of 
at showed various forms « ‘ culatory dist pbances Ihe 
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case lying just above the normal limit was a youth of 20, who suffered 


lar rheumatism, and who showed no signs of cardiac disease 


Irom articu 
other than a persistently overacting and somewhat rapidly beating heart 
The presphygmic time was 0.088 second As the cases lying below this 
one in Table 2 are reviewed, and the clinical study of them coordinated 
with the length of the presphygmic period, it is seen that the hearts in 
these cases as a rule apparently decreased in efficiency as the presphygmi 
period lengthened. The two exceptions to the rule are Cases 17 and 15 
The former showed a heart distinctly deficient in functional capacity, 
and the presphygmic time under the most favorable circumstances was 
only 0.089 second, Under certain other conditions, however, the extreme] 
long time of 0.168 second was encountered. If the average time had been 
used for classification instead of the shortest that occurred, t 


would stand much lower in the list. Case 13 had a much longer pre- 


sphygmic period than would be expected from the clinical findings 
The heart was somewhat enlarged, but generally no murmurs” wert 


1 


heard, and the compensation seemed good. We believe that it is pos 
sible that there Was more severe muscular weakness than cout ( 
letected by the usual methods of examination, or that in some mannet 


the accommodation of the heart was so deranged that thr lig dlastoik 


blood pressure of 115 mm. Ile ha a marked influence on thr eheyel 


the presphvgmie period (Tracing 11). This idea suggests that the 1 

that we have used mav give valuable information about the real power « 
the heart. but of course much more extensive wo! must be done before 
any conclusions on this point ean be drawn. Case 4, which gave thi 
longest period in the series, showed signs of poor compensation and. the 


circulatory apparatus was perhaps in a worse condition than tha 
of the other cases, as judged from clinical findings (Tracing 12). 

The presphygmi period was studied in one case which showed a con 
dition of the circulation which may be termed neurotic instability. No. 10 
The term is applied to that class of cases which show signs of vasomotor 
instability, usually a rapid heart, but readily changing in rate. and show 
ing no apparent arrhythmia: the condition of the circulation so fr 
quently seen in highly neurotic individuals The heart is often over- 
acting, but mav be free from organic disease. In this case the average 
length of the period in various curves varied from 0.064 to G.082 second. 
Six sets of curves were made at intervals through a period of two weeks. 
ind all the tracings were especially scrutinized for defects. The pre- 
spl vVemic time did not var Iron wat to beat of the heart, but was se 
constant on each occasion that ail the measurements from one tracin 


could lye averaged, although those from all the sets of tracings « ad not 
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The pulse-rate varied between 72 and 100 per minute, and there was a 
tenden for the shorter presphygmic times to occur with the faster pulse- 
rates, but this relation was not constant. The heart gave no signs of 


organic disease, and although it was overacting, the orthodiagram showed 


that it was not enlarged. At times the presphygmi time fell below the 


lower normal limit, for which fact we have no explanation. The varia- 
tions in the lengths of the presphygmic period in this case of a highly 
neurotic individual were certainly real, and not associated with an\ 


} 


letectable technical error (Tracings 7 and 13). The possibility suggests 


itself that like the readily varving pulse-frequency, the changing pre- 
sphygmic period was a manifestation of the nervous instability or excita 
bility of the circulatory apparatus. 

The changes in the presphygmic period that occurred in certain forms 


of cardiac arrhythmia were very striking, and in the same patient the 





rracing 12.—Showing long V.-C time; compensation bad (Case 4 


presphygmic time may be more than three times as long with one systol 
as with another. This variation has been pointed out by Hochhaus, whose 
tables show in a rather indefinite way that the length of the period seems 
to depend on the length of the preceding diastole. Lewis has recently 


mentioned the fact that the presphygmic period may be lengthened after 


in an extrasystole, and he points out an error into which 


, 
, 


Mackenzie seems to have fallen by overlooking this fact in measuring the 


\-C’ time in the venous pulse in cases of arrhythmia. Rehberg has also 
emarked on the probable variations in the presphygmic period in cardia 
irl tii i 

We have obtained satisfactory curves in four cases which showed 


marked cardiac arrhythmia. Nos. 8, 16, 17 and 19. associated wit} 


marked irregularities In the presphyvgmic time. In Case 8 the peri 
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varied in time from 0.033 to 0.088 second, although in som er we 
systoles, in w ( the time could not me ae irate measured, the 
sphvgmic time was about 0.140 second. The form of arrhythmia was 
the extrasystole type, and this long period is seen in an extrasystole w 
the heart was beating so as to give a bigeminal pulse (Tracing 5 
short time of 0.033 was seen in cardiograms, which were the first of 
contractions when the heart was acting bigeminally. When the heart 
acting regular under which conditions five sets of tracings were n 
the presphygmic time was found to be from 0.05 to 0.07 second, ty 
constant in each of the several curves The cause of the shortenin 
this case has been already discussed, when the effect of the arterioscler 
was under consideration. 

es 

Fracing 13.—Showing one of the longer V.-C times from ise fo. 
instability of the heart (Case 10 Compare with Tracing 7 from same 
showing one of the shorter \V,.-C times 

In Case 16 the presp mie time varied om 0.052 to 0.115 see 
The patient Was a woman, aged OO, With a svVsto OOK es 
mm. Hg., and a diastolic pressure of 100 i heart was enlarged « 
cially to the right, there was a systolic mur at tl Y 
marked arteriosclerosis and marked arrhythmia of the pulsus vu 
perpetuus type. Tracings mace om the jugulat ns an 

agus by Dr. Edens gave evidence auricula ntrac 


esop! 
I 


(‘Tra Ing 
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Pat ent iv Wis a woman, a req LO), Whose hlood pressure was S-95 al d 


L)-60, and whose heart was distinctly enlarged to both the right and left 


A systolic and diastolic murmur was heard at the apex and a diastolic 


mun was heard over the lower part of the sternum. Clinically she was 


considered to have mitral stenosis and mitral and aortic insufficiencs 


There was marked arrhythmia, and the jugular and esophageal tracings 


ndicated the same type of arrhythmia as the preceding case. Varia- 
tions In the presphvgmie time from 0.092 to 0.168 second have been 
encountered in the same tracing (Tracings 14 and 15). 

Patient 20 was a man of 22 who was suffering with acute articular 
rheumatism. The heart was distinetly enlarged. especially to the left, its 
border being 15 em. from the midsternal line. No murmurs were pres 
ent, but a protodiastolic gallop rlivthm was heard at times. Blood-pres 


sure was S-1, 95, 1-D. 50. There was usually present a marked arrhvth- 





racing 14 Showing marke 


mia. The analvsis of the venous tracings and those obtained from within 
the esophagus showed a disturbance in conductivity which was sufficient to 
allow independent ventricular systoles at times, thus producing arrhyth 
mia of the ventricles. When the heart was acting irregularly, the pre- 
sphvgmie time varied from 0.064 to 0.111 second. One week after taking 
the curves showing irregularities. other curves were made when the heart 
Was quite regular, pulse 55 per minute and a presphygmiec period of 0.067 
or slightly below what has been considered the normal limit was found. 


\t this time the venous pulse was entirely normal. 


\ll the four cases in the foregoing group present arrhythmia ap 


lent on some cause other than the nervous control of 


en cepern 


heart \ verv striking feature of all these cases is that the variations in 


the time of the presphygmi period bear an almost constant relation in 


arrhythmia 
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eac! ase To the neti ) ert ne « is ‘ | ‘ ong 1 - 
H 
: t! shorter the pres on ‘ the systole if rie ti 
ows it Phat this relatic s t al solute constant seems to 
on the lact that I = ni ences tors Tie han thre el 1 i~ 


such as have been des¢ ‘ the lengt the pre gmic period depend 
mn the amount ¢ st the he Ss nm the eceding diastole and the 
condition in which it is when venti ar systole begins. Of course, the 
end diastolic pressure is also a determining factor in the length of thi 
presphvgmic period, and it ma e lower after a long diastole than after 
a short one, and so plav a réle in the presphvgn variations In Table 
$ the presphvgm1 time oO the arious svstoles of Curve a (Tra - 


14 and 15) from Case 17 are set down according to 





th varving V.-C time (Case 17 


tion and strength of the preceding systole The strengt if the p (| 


0 fe ec 
ing systole can be approximated only b e size and length of the svs 
tolic part of the pulse curve that it produces in the carotid sphygmogran 
a somewhat unreliable method The method of measu ne the eneths o 
svstoles and diastoles wi ve discussed later 

The relation between the lengths of diastole and of the pres nis 
period in the foregoing table are seen in Chart 1, where the length of the 
presphygmi neriod is used as the ordinate. and the leneth of « cas 
the abscissa. 

VI. SIGNIFICANCE OF VARIATIONS IN THE PRESPHYGMIC TI 
It is seen from Table 4 that the combination p =t 
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1 PRESPHYGMIC PERIOD OF THE HEART 
rARLE 4 PRESPHYGMIC TIME OF VARIOUS SYSTOLES OF CURVE 32 Ia 
rime f rime f 
N Presphygmi Preceding receding 
W rime in Seconds Diastole Systol 
r ooo ooo O.36S Weak 
1 o.100 osan O2s0 Weak 
1 0.100 O.675 Fairly Strong 
ss 0.108 
0.106 o.6go4 OST Strong 
1 0.106 osoo “ ss Weak 
i wlio OSS O.367 Weak 
oi 0.233 O65 Weak 
G 0.127 OU O60 Weak 
1” 1 > OVS “ iS Weak 
ine “ ’ “ 0 st ng 
1 0.146 O52 OTS Strong 
168 ove “ 0 Fairly Stror 
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LENGTH OF PRECEDING DIASTOLE IN SECONDS 
Chart 1 Curve plotted from relative lengths of diastoles and succeeding 


presphygmie periods in Case 17 
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tole, as n Wave De Tra ny iS. pro ces thre onger presp omic tine 
That the strength of a systole plavs a réle in the length of the presp 
mic period of the following systole was suggested by all our tracings fron 
these Cases Of arrhythmia. Wheneve t is found that a comparatively 
short diastole is followed by a systole with a relatively short presphven 
period, the curves from the carotid artery show that the systole previous 
produced a sphygmogram whose systolic portion was both smaller in 


amplitude and shorter in length than normally, This form of sp No- 





eram indicates, we believe. a weak svstol Let us express this idea some 
what more extensively, It seems that the eneth ot the prespl om 
period affords a measure of the force of ventricula SVSTOLE hen t 
follows that if the engeth of the preceding diastole governed alone thy 
force of the succees Ing svstole, the presphvemic periods following dias 
} 
4 
i 
i 
| 
Tracing 15 Showing marked arrhvthmia with varving presphygmie period 
Case 17 part of same curve as lracing 14 and showing very long V\.-C time 
toles of the same lengt would be alwavs equa rut t Sis not the cas 
and the irregularity depends apparent on the force of the precediy 
svstole. For the curves indicate that. even when the diastoles are of ¢ a 
length, the presphvgmie period of a systole that comes after a prece ne 
| ) eee - +) Maat af Pr { ‘ ; ' 
weak SVstole If shorter than that of che svsetolie that comes alter a er’ 
ing strong one. It appears that after a weak svstole there n e tw 


factors which shorten the presp mie period, On the one and. 1 


is not so fatigued as alter a strong contract nh, and so attains a el 
state of efficients during the same period of rest: w e on the othe 
hand, the end of diastolic pressure may be lower after a weak contra¢ 
than alter a strong one | eft ‘ ve tole is { 
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(‘ase 17 and is shown in Diagram 2, w has been schemat- 
ted from the tracings from two consecutive cardiac cycles 
seen that, in spite of the fact that in Wave 7 the diast rhe 
an in Wave &, the presphygmic period is also longer. ‘This 


egularity seems to depend on the difference in the fore 





Systole Diastole P. P 
0.376 D 0.289 P 0.144 
Wave7 
Systole Diastole P. P 
0.342 D 06.252 P 0.133 
Wave & 

2 Constructed from two consecutive waves of Curve 32Ila not 
ings Showing that length of systole also has an influence on the 


esphygmiec per iad 


fracing 16 Rhyvthmie dissociation of A, and V,. waves seen in 


ding svstole, as the difference in the lengths of diastole cannot 


facts have a bearing on the ideas expressed by Langendorff in 


e constancy of heart work. He says that, since the pause that 


extrasystole is longer than it would have been without the 
a greater amount of energy is stored up than would have 
rmally. The stored-up energy is entirely freed at the next 
the amount that Is, therefore, lost dep nds on the size of the 
‘trasystole and on the length of the pause (diastole). Lan 


= that the recording of the increase in shortening of the heart 


parent his method) is not a satisfactory means of obtaining 


ation in regard to the working capacity of the heart, and so 
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the heart seems Important. 


The question must e considerer whether inges mn rate ot wave 
| 1 msn ssion iiso0 ik¢ piece m1 tse oe ) irl | 1 } in = ! int 
: 

: Variations in the V.-C time great i s due to the presp a i 
tions alone. That the transmission speed OL the ] SC- Wave remains 1 
ns nt Se e trey t t >, > ' ' | ty tir 
constant een rom the calculate -R time. obtaines ) subtrac ne 
the presphvgmic time from the V.-R time, or the time of wave trans 
mission from the semilunar ilves to the radial artery This time ts 
found to be almost a constant In a curves, and the sitight va itions T if 
are seen in it bear no relation to the length of the pres; on eriod 
his may be ustrated by Table 5. in wl the P.P. and S-R times a 











. = lack of relation betWeen V.-C time and length of diastole in spite of arrhythmia 


rABLE 5 PP and SR TIMES FROM CURVE 31 Ia* 


No. of Systolk I’. WV. Time S-Ro Tim 


1 O70 O.086 
2 11 O.O87 

oo4e O08 
4 O.061 woo 

oo O.0OS86 
ri Le | iN] 

* It is seen tha SR t nd 
technica ! f 0.010 
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e 4 the tracings from these cases of arrhvthmia show well 
irdiograms, formed by systoles that produce no or almost no 
1 in the curves from the carotid and radial arteries. Under 
rcumstances the longest presphvgmic period is found. This sug- 
that a so-called frustrated systole may be considered the pre 

ase of a cardiac contraction which produces no sphvemik 
Under such circumstances the ongest possible presphvgml period 


e produced. (See seventh cardiogram, Tracing 10.) Hochhaus 


ssed the subject of frustrated systoles and gives evidence to show 
tricular svstoles do occur which fail to open the aortic valves 
Quincke believe that such svystoles are due to muscle weakness 
resent a qualitative change. This agrees with our idea that in 
mias the length of the presp| vomk period depends on the 


strength or force of the ventricle when systole begins. 








Tracing 17.—Venous pulse tracing from 


ges in the presphygmic period do not depend on arrhythmia 
lwo cases were encountered n which any changes in the pre- 
me that occurred were entirely independent of the arrhythmia, 


no relation to the eneth of the preceding diastole. | nese were 


and 21. The first patient was a voung man of 24, who was in 


{ or acute articular rheumatisn At the time when we 
" e had entire recovered from the svmptoms of rheuma 
His heart was slightly enlarged and acted forcib There was a 
nurmur at the apex, pulmonic and aortic areas, and a diastoli 


eard in a small area in the t rd left interspace at the sternal 
He was considered to have mitral and aortl nsuthiciency, myvyo- 
‘ } | } rj’ ] 
(7) and showed marked ar! thmia at times, The blood-pres 
S-100. D-70. and the pulse varied from 54 to 71 per minute. 
patient was out of bed, in conversation or under any condition 
al excitement, the pulse was more rapid and entirely regular 


Was Iving quietly in bed, and after the application of an 1ce-ba 
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to the precordium, the heart slower and showed marke 

mia. The application of the ice-bag seemed to be the incipa 

producing the arrhythmia, w] uppeared usually from f en 

to half an hour after its use w is begul Most of the six sets 

made from this patient were taken while he showed cardia arrhyt 

The arrhythmia was of an especia nteresting and unusual 

From the cardiograms. the gular pulse rves and the eso 
tracings, a rhythmie dissociation was seen (Tra ngs 16 and 1] 

one point im the curves the A, and V. waves hold a normal relat 

the next contraction the A ind \ Waves are somewhat separated 

at the third still more separated his increase of separation o 

and V. waves continues tor four or five beats when the A. wave 

be followed by a V. wave. Then the ventricle contracts thy 1g 
rhythmicity, the rate of whicl Was o+ per minute, and the reg i! 
as above (Case 19 

ar systole occurs s nchronous With it, the two practi aiwa 

Ing together or the \ lollowing the A, so closely that thes« wa 
nearly always merged. Slight separation was seen in the gular ti 

at times. After the apparent independent contraction of the ventricle 
for usually one, sometimes for two beats. the normal r lation of A. and 
V. waves is resumed, to be followed by a series of cardiac « es similay 
to those deseribed When the heart is beating re il ind more il 
idly, the venous tracings are entirely normal. there is no lengthening o 
the A-C time, and no tendency to dissociation jis seen ( Tracing 18) 

Earlier, when the patient was suffering with the articular « " 

of acute rheumatism, the cardiac disturbances were studis wv Dy 
After the admin stration of digitalis an arrhyvth: 1 oO ‘ 
tracings showed, was due to complete dissociation of auricles ay 
cles. This arrhythmia disa) ed with the use « tropin, and s 
all the features of so-called digitalis heart 7 
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\ I e when we studied the case, several weeks itt 1 Stl ne 
, ‘ is the method of production the ar thmia When the 
eart was ne rapladliv no abnor aiteration Ot the eart-beat Was ‘ 
: 
present, a wt W ch suggests that the disturbance was mn 1 common one 
; 0 col ct 1 (cdlromotronpie ) Wi elleve I il ( irl thmia Was : 
: more due toa depression ot the excitab ty r stimutab I : 
the ver cles, a bathmotropie disturbance, although the possibility ¢ t 
eing a mance ol conduet t cannot we OrVne r | It Sees ‘ 
that under the influence of quiet and of th application of ice to the pre 
: 
: 
- 
! 
; 
lracing IS Tracing from same case Case 19 as Tracings 16 and 17 when 
heart action was regular 
- 
e of the ventricles to respond to the au stin ition 
\ft this rest the ntricies responded norma or one or two beats as a 
( t Ss Tespons¢ ra 1 wecame SLOWE nt the aul liar stimu- 
: itor ( e effectual, and another period of rest due to a dropped 
: ent sVstole occurred During s prolonged rest probably the 
st r possibiv the conductivit Ot the entricies Was raise 
\ e the ) Se ana the rves in ite no increased contractile ores 
‘ ntricth 
\\ see py aps int Ss case Some ndication wl the application o 
e to the recordiun as a beneficial effect in certain forms of cardia 
=I i! *., Which depend on the overactivity of certain cardiac proper 
es 
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To return to the effect of the arrhythmia in this case on the 
sphygmic time: We were surprised to find, after having studied the othe 
cases of arrhythmia, that here no relation existed between the lengt! 
diastole and the presphygm c¢ time This lack ot retation ma " ead 
seen in Table 6, where the times of diastoles are arranged according to 


their increasing lengths and followed by the length of the presp! 


time ol the next systole. 





rABLE 6 rIMES OF DIASTOLES ACCORDING TO THEIR INCREASING 
LENGTHS * 
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LENGTH OF PRECEDING DIASTOLE IN SFCONNS 
(hart 2 (urve plotted from relat ( oths of stole mn ~ul edit 
sphygmiec periods in Case 19 
The figures of this table have een used to construct ( art < In 
same manner as Chart 1 was constructed, to whi t rms a marke 
contrast. 
- 
lrracings taken from this patient when the heart was acting regular 
vave an average presphvgemik time ot O.O94 second, a tact whiel ed us to 
believe that under these circumstances the heart did not possess a norma 
/ 
amount of functional capacity. In the many tracings taken in this cas 
there was a fairly large variation in the presphvgmic time he shortest 
time observed was 0.070 second and the longest O.117. ‘1 average time 
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of the different curves taken in different days also varied, the shortest 


average time was 0.092 and the longest 0.106 second. As no relation 
between the arrhythmia and the length of the presphygmic time can be 
established, we are unable to explain this variation on any other ground 
than considering that it belongs in the same group as the cases showing 
neurotic instability of the circulatory apparatus. It was observed, how- 
ever, that on the day when the heart was acting most irregularly the aver- 
age presphygmiec time as determined on three separate curves was longet 
than at any other time. 

The second case of arrhythmia, No. 21, which showed a practically 
constant presphygmic time, was that of a man of 23, who was very neu- 
rotic, but who, in spite of a moderate arrhythmia, showed no physical 
signs of cardiac abnormalities. The length of the diastoles varied from 
0.373 second to 9.551, while the presphygmic period remained sufficiently 
constant, so that all figures from two sets of tracings could be averaged, 
and had a duration of 0.70 second. The venous pulse curve in this cas 


was normal, and the case was apparently one of pure neurotic arrhythmia 


VIL. POSSIBLE PROGNOSTIC VALUE OF MEASUREMENT OF THI 
PRESPHIYGMIC TIMI 


(C‘ases of cardiac arrhythmia may be divided, there fore, into two 


/ 


cording to whether the presphygmic period varies with the eat 
diac irregularities, or whether it does not. Since the length of the pre 
sphygmic period seems to afford a measure of the force of ventricula 
contraction, it may be said that in the first group of cases, according to the 
variations in the presphygmic period, the force of ventricular systole 
varies. This was corroborated by the general appearance of the curves 
and the feel of the pulse. In the second group of cases the force of ven 
tricular contraction remained constant. It appears that in the first group 
some accommodating power of the heart is lost which is present in th 
other group. It is difficult to say in what this power consists, but in the 
cases in which it is lost the heart muscle seems to be distinctly more 
diseased than in the other cases. The two factors governing the length of 
the presphygmic period are the speed at which the intraventricular pres- 
sure is raised and the height to which this pressure must be raised in 
order to overcome the intra-aortic pressure at the end of diastole. This 
intra-aortic pressure cannot be measured from beat to beat. It seems likely, 
however, that after a longer diastole this pressure is lower than after a 
shorter. No matter what these changes are, the hearts in the group with 


the constant period are able to contract in such a way that the left ventri- 


cle overcomes the intra-aortic pressure in a constant length of time in each 
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beat without being influenced by the length of the preceding diastole. The 
heart contracts in such a way that the action of the left ventricle meets 
the vital needs in a constant manner. In the other group of cases this does 
not occur, and under certain conditions of improper rest the cardiac 
action is such that the left ventricle opens the aortic valves only after a 
delay or under certain conditions (frustrated systoles) fails to do so. 
In the group of cases with the varying period the left ventricle seems to 
gather contractile force throughout the whole of diastole, while in the 
other group even the shortest diastoles seem of sufficient length to allow 
the ventricle to gather enough force to overcome the probably varying 
intra-aortic pressure in a constant length of time. In this group of cases, 
however, very short diastoles are not seen. ‘The difference in the two 
groups of cases seems to lie in this fact; the first group with the varying 
period gathers contractile force throughout the whole of the diastoles, 
no matter what their length, while the second group gathers sufficient 
force during the first part of each diastole, and this store of energy is not 
added to beyond a certain point, no matter how long the diastoles con- 
tinue. 

Hering has pointed out that in the heart muscle an exact balance 
between assimilation and dissimilation exists, thus preventing fatigue, 
which does not occur as long as no disturbance in either of these activities 
is present. It seems likely that disturbances in these functions are pres- 
ent in those cases of arrhythmia showing variations in the length of the 
presphygmic period, while they are not present in the second group of 
cases. The first group seems to depend for its peculiarities on disturb- 
ances inherent in the heart muscle itself, while the second group is more 
likely associated with disturbances in the nervous control of the heart. Our 
present knowledge of the control and mechanism of the heart-beat does 
not allow a certain separation of these functions. To say that arrhyth 
mias showing variations in the length of the presphygmic period are of 
muscular origin would probably lead us into error, for Hochhaus believes 
that frustrated systoles (the systolic contractions that show the longest 
possible presphygmic time) can come through nervous disturbances alone 
Hoffman is quoted as believing that nervous disturbances are the most 
probable cause of frustrated systoles. An arrhythmia which produces 
changes in the presphygmic period, however, is probably a severer form 
and of worse prognostic significance than an arrhythmia with a constant 
presphygmic period. 

The significance of variations in the presphygmic period is a question 
which cannot be answered as yet with any degree of assurance. It is cer- 


tain that the presphygmic time differs in different individuals and that it 
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may depart from the normal] by being either shorter or longer. And it is 
certain that it may vary in the same individuai in different cardiac sys- 
toles. The process of measuring it is not without difficulties or errors, 
so that as a clinical procedure on which to base conclusions in regard to 
any particular patient it is as yet, of course, of limited value. The fact 
that pathological conditions may shorten as well as lengthen its time 
makes judgment as to the significance of its variations difficult. Those 
changes of the circulatory apparatus, of which arteriosclerosis is a part, 
which cause shortening of the period, must be considered as tending to 
offset changes in the opposite direction. With a better understanding of 
the role that various factors play in producing changes in the presphyg- 
mic time, especially those which tend to shorten the time, it may be found 
that in this procedure of measuring the duration of the presphygmic 
period we have a means of determining the capability of the heart regard- 
less of the lesions or functional disturbances that may be present. 
Further work is required before an opinion of value can be expressed on 
this question, and to determine the prognostic significance of variations 
of the period it will be necessary to follow the progress of cases, coordi- 
nating clinical data with the changes in the presphygmic time. 

As has been mentioned under the question of the effect of valvular 
disease, there seems to be a fairly definite relation between the state of 
compensation and the length of the presphygmic time. That the period 
is long in cases of broken com pe nsation seems very probable. This fact 
has led to the idea that in hearts in which compensation is broken and 
the muscle by rapid and tumultuous contractions can barely meet the vital 
need the presphygmi pe riod should be lengthened. The striking dispro- 
portion between the force exhibited over the precordium and the small 
weak pulse of such cases suggests the thought that most of the cardiac 
energy is expended in the presphygmic period. In Curve 32 Ia (Tracing 
15), Wave 9 shows such a systole, where a forcible cardiac contraction, 
as indicated by a large cardiogram, is followed by a weak short pulse, as 
seen in the sphygmogram. Here the aortic valves open at the point “P,” 
liac energy is expended in 


and it is seen that a large part of the care 


accomplishing this, and but little effect is produced in the artery. Per- 
haps some idea of a relative sort of the presphygmic period may be 


obtained by palpating the apex-beat and an artery at the same time. 


VIII. MEASUREMENT OF SYSTOLE AND DIASTOLE 
It should be emphasized that in measuring the lengths of systole and 


of diastole on a sphygmogram in which the lowest point of the dicrotic 


note ot the carotid sphvgmogram s nsed as the point whe re systole ends, 
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thie presphygmi period must be added to the measure 








ment of systole an 


subtracted from the measurement of diastole to give the true lengt en 
of these phases. The length of time between the foot-point of the sphygmo 
gram and the dicrotic notch only represents the sphygmic phase of ven 
tricular systole. It is not correct, as we have shown, especially in cases 0 
: arrhythmia, to consider the error due to omitting the presphygmie period 
from the length of systole a constant. The measurement of the sphygmi 
: period has been made from the sphygmograms in a number of cases of 
arrhythmia, and when the time of systole is obtained by adding the pr 
sphvemic to the sphygmi time, the figures are not only much changed, 
but also brought nearer to a constant. This time, although it does not 
include the post sphygmi phase of ventricular svstole, represents more 
nearly and with more certainty the time of actual ventricular activity 
than the measurement of systole by other methods, which in the main 
depend on the cardiogram to determine the closure of the aortic valves 
| and the end of systole. The importance of this correction can be seen in 
Table 7, where the time between the occurrence of the foot-point of the 
sphygmogram and of the dicrotic notch are given and the corrected time 
after the corresponding presphygmic time is added. The numbers are 
} taken from Tracing 10 (31 Ie). 
F TABLE 7 SYSTOLIC TIME OF SPHYGMOGRAM AND CORRECTED 
- SYSTOLIC TIME * 
Systolic Time true Systolic Time 
No. of Wave of Sphygmogram I’. I. Has Been Added 
1 0.231 0.275 
2 190 0.208 
0.260 0.309 
4 0.170 O.269 
> 0.290 O22 
«i 0.257 
7 0.276 O.528 
s 0.263 0.297 
9 0.151 0.253 
10 0.250 O30 
11 0.155 1.260 
12 0.224 0.258 


* It is seen that while the whole length of systole may vary 


ponent parts, namely, the presphygmic and sphygmic periods, may change t 


to one another strikingly 


IX. EFFECT OF VARIATIONS ON THE VENOI 


a little, its chief com 
heir relation 


S PULSI 


The venous pulse may be affected by variations in the length of the 


presphygmic time. In spite of the recent discussions 





of the formation of 
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Table 8. The distance of the point of termination of the presphygmic 


period from the foot of the cardiogram was calculated from the time of 


its duration, and the point P marks where the end of the period falls. 


In the cardiograms there is also marked the point D. The position 


of this point has been determined in the following way: The distance 
between the foot-point and the deepest point of the dicrotic notch has 
been measured on the carotid sphygmogram of the same heart-beat that 


produced the cardiogram. This distance was measured on the cardio- 
gram from the P point. If, therefore, the P point represents the opening 
of the aortic valves, that is, the beginning of the sphygmic period, the 
point D will represent the point where the sphygmic period ends, that is. 
the point of closure of the aortic valves, provided that that phase of the 


sphygmogram between the foot-point and the dicrotic noteh 


represents 
the sphygmik phase of the cardia cycle. 

These methods of determining the points on the cardiogram of the 
opening and closing of the aortic valves may lack mathematical correct 
ness, but they seem to be more nearly correct than any other methods 
applicable to man. Besides the position of the P and D points, Table 8 
shows the lack of relation between the shape of the cardiogram and the 
length of the presphygmic periods. 

It is seen that the position of the P point on the cardiogram is not 
constant. There is, however, a fairly definite relation between its posi- 
tion and the length of the presphygmic time. This relation shows that 
the aortic valves open at points which come relatively earlier on the cai 
diograms with short presphygmic periods than they do when the presphy 
mic periods are long. The lateness of the P point that occurs with a lon 
presphvgmic time is seen in Curve 32 la, Wave 9 (Tracing 15). Here it is 
well shown what a large part of the cardiogram may represent the pr 
sphygmic period, and by observing the other cardiograms of this cury 
(Tracing 14) where the period varied greatly, it will be noticed that the 
change of point of opening of the aortic valves has no effect on the shape 
of the cardiogram. We cannot expect cardiograms taken through thi 
normal chest wall to give any indication of the point of opening of tl 
aortic valves, when in the tracings of Erlanger from the exposed heart 
the cardiogram shows but a slight indefinite notch at this point 

Although the position of the P point varies in the cardiogram wit 


variations in the presphygmi 


veriod, its position in the five cases that we 
consider normal is quite constant. In all of them the P pont falls near 


the top or three-quarters of the way up the ascending limb of the cardi 


gram, and this at least indicates that here is the point in 


a cardiogran 


mut 


from a normal individual where the aortic valves open. In but tv 
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that we have considered abnormal, Nos. 7 and 14, which lie just above 
and just below, in Table 8, the group of normal cases, do the P points 
fal! in this part ef the cardiogram. 

The position of the D point is seen to vary and to fall at different 
points on the final descending limb of the cardiogram. ‘This variation 
may be due to recording the end of systole by the cardiogram in an incon- 
stant manner, or it may be that the sphygmograms from which the sphyg- 
mic periods have been calculated contain errors that have not been con- 
stant. We believe that not a great deal of dependence can be put in the 
last part of a cardiogram as forming a record of the true movements of 
the heart, and that the position of the D point on the cardiogram has no 
significance. There seems to be no indication on the cardiograms that 


we have obtained of the point at which the aortic valves close. 


XI. RELATION OF FORM OF CARDIOGRAM TO LENGTH OF PRESPHYGMIt 
PERIOD 

Table 8 shows also that there is no relation between the length of the 
presphygmic period and the shape of the cardiogram, especially in regard 
to the degree of sharpness or suddenness of its ascending limb. In the 
cardiograms that we have made there is no indication of the point at 
which the aortic valves open, and the form of the cardiogram affords no 
evidence as to the duration of the presphygmic period. In this regard our 
work confirms the belief of those who say that nothing in regard to the 
heart’s action can be told from the cardiogram. 

The relation between the so-called I wave in the cardiogram and the 
point of opening of the aortic valves has already been alluded to. This 
wave was considered by Piersol, working in Wenckebach’s laboratory, as 
definitely related to and representing the ventricular presphygmic period, 
a conception in which we shared at the outset of our work. The I wave 
is well seen in some of the tracings from four of our cases. In one case 
the P point is practically synchronous with the end of the I wave, in the 
second it is 0.018 second later, and in the third it is well removed. In 
the fourth case, No. 8, in which marked variations in the presphygmic 
period are seen, the I wave when present is practically constant in length, 
and although with a short period the P point is synchronous with the end 
of the I wave, with a long period this point falls high up on the ascend- 
ing limb of the cardiogram, and is far removed from the end of the I 
wave. These findings, together with the fact that the P point can fall 
much later in the cardiogram than the top of the ascending limb, make 


evident that the [ wave bears no relation to the presphygmie period 
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XII. CONCLUSIONS 

Although we feel that our work has many deficiencies, and must b 
completed by further investigations, certain conclusions are justified. It 
is our hope to continue the work in order especially to obtain more ¢ 
tainty in regard to the normal duration of the presphygmic period, to 
investigate more fully those conditions that lead to a shortening of thx 
presphygmic time, to determine its prognosti value and to obtain a better 
knowledge of those factors in cardiac arrhythmia underlying the fact that 
in some cases of arrhythmia the presphygmic period varies while in others 
it remains constant. We expect also to attempt to control the results of 
this work as far as possible by experiments on animals. 

1. The normal duration of the presphygmic period of the ventricular 
systole of the heart is from 0.07 to 0.085 second. 

2. This time cannot be measured with mathematical exactness, but by 
carefully guarding against a number of technical difficulties its measure 
ment approaches very near to such exactness. 

3. Under various pathological conditions the duration of the pre- 
sphygmic period may vary markedly, under some conditions being below 
and under other conditions being above the normal limits. 

4. Changes in the circulatory apparatus, of which arteriosclerosis is a 
part, seemed to have a marked tendency to shorten the duration of thi 
presphygmic period in three such cases studied. 

5. It is probable that the amount of lengthening of the presphygmi 
period beyond the normal limits is an index of diminished capability of 
the heart, whether it is caused by valvular, muscular or arterial disease 
or a combination of lesions. 

6. Valvular heart disease as such, when it is uncomplicated by muscu 
lar weakness or some disturbance in the accommodating or compensating 
functions of the heart, does not necessarily cause prolongation of the pre 
sphygmic period. Mitral insufficiency may prolong the period, whil 
aortic insufficiency may shorten it. 

oy Changes in speed of pulse-wave transmission bear no appare nt rela 
tion to changes in the presphygmic time. 

8. A case of neurotic instability of the circulatory apparatus without 
arrhythmia has shown different presphygmic times on various occasions, 
although variations in the presphygmic periods of consecutive systoles 
have not been found. It is thought that this variation represents possibly 
a manifestation of the varying nervous excitability or instability of the 
heart, just as the readily varying pulse frequency seems to do. No def 


nite relation hetween pulse frequenc\ and the duration of the presphvg- 


mic pe riod was dis overed, 
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9. In certain forms of arrhythmia there was marked irregularity in 


the presphygmic time of various consecutive systoles. These variations 


depended largely on and bear a fairly definite relation to the duration of 
the preceding diastole. The apparent force of the preceding systole had 
also a definite effect on the duration of the presphygmi period of the 
following systole. In these cases of arrhythmia an apparently weak sys- 
tole followed by a long diastole formed the best conditions for the pro- 
duction of the shortest possible presphygmic period in the following svs- 
tole in each case, while a strong systole followed by a short diastole pro 


l 


duced the longest presphygmic time. 
10. Other cases of arrhythmia apparently depending on nervous con- 


l 


trol of the heart 
disturbance) showed practically constant presphygmi 


or on a depression in stimulability of the ventricle 


( bathmotrophic 
ime. Where variations occurred in these cases there was no relation 


tween them and the variations in the length of diastole. 

11. The factors preducing -the differences in these two forms of 
arrhythmia are difficult to determine, but in the first group of cases the 
accommodating power of the heart seemed damaged or lost, while in the 
second group it was well preserved. 

12. A so-called frustrated systole that fails to open the aortic valves 
represents the presphygmic phase of a ventricular contraction that pro- 
duces no sphygmie phase. 

13. In cases of cardiac disease, in which there is a striking dispropor- 
tion between the force of the heart exhibited over the precordium and the 
smal! weak pulse at the wrist, it is probable that a large part of the car- 
diac energy is expended in the presphygmic period. 

14. The length of duration of ventricular systole can be measured by 
estimating the time between the foot-point and the dicrotic notch in the 
carotid sphygmogram, and by adding to it the presphygmic time for this 
particular systole. By this method a result is obtained which probably 
represents more nearly than the results from other methods the time of 
systolic activity of the ventricles. 

15. There is no indication in our cardiograms of the point at which 
the aortic valves open or close, nor do the forms of the cardiograms 
depend in any way on the duration of the presphygmic period of the ven- 
tricular systole. 

It is with much pleasure that we express our appreciation of the 
interest that Professor Miiller has taken in our work, and our thanks are 
due him for being able to avail ourselves of the splendid opportunities 
that his clinie affords. We wish to thank Dr. Ernst Edens for much 


advice and helpful suggestions. Our work was greatly aided by the use of 
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his large material, especially his venous and esophageal tracings. 


} ] 


Our gratitude is also due to all the assistants of the second medical 
clinic in Munich for many courtesies and for aid in studving the materia! 


in their various wards. 


342 South Fifteen Street—Pennsylvania Hospitals 
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-1S BLOOD SPOTS 


ace food dropping trom the height of the ear of a man of medium 
stal en standing, or whether their size and shape were inconsistent 
e blood having fallen from so great a height. The study of these 

spots was one of the factors in reaching a decision between murder and 
Lhese experiments were undertaken tor the purpose ol determining 
vhat inference can be drawn regarding the height from which blood 
yped from the size and shape of the dried blood spot: or, stated in 
nother wav. what factors, aside from the height from which the blood 


ell, are of importance in determining the size and shape of the resulting 


dried iood-spot when hlood drops vertically. All o the experiments 


were made by allowing the blood to fail vertically on the surfaces tested. 
Rabbit's blood was emploved throughout. The animal was first given a 


sufficient dose of chloral to put it to sleep in f fteen to thirtv minutes and 





so to render it insensible to pain. When insensible, it was suspended by 


the nd legs and blood-drops obtained by clipping off a bit from the tip 
of the ea In addition, as opportunity presented, we have noted the 
ppearance of drops of human blood which have fallen from a known 
eight. The shape of the latter agree with the results of our experiments 
wit rabbit’s blood. 

Different varieties of wood were used in most of the tests, but in addi- 
tion glass and surfaces covered with paper were employed. The kinds of 





wood were white wood, planed; white wood, planed and sandpapered ; 
ard pine, planed; hard pine, planed and oiled: hard pine, rough; hard 
pine, rough and oiled; oak, planed and varnished ; soft pine, planed and 
' ed; soft pine, planed. Paper: wall-paper, pasted on smooth board ; 
wall-paper, face down, pasted on smooth board. Glass: clean glass ; glass, 
| ‘ with a thick laver of dust Other substances were also tested in 


ther series of experiments, but the results obtained corresponded to the 
series here quoted. In this series a of the hlood-drops were on objects 


about the same size, 12 by 10 to 11 inches, and were so photographed 


e same re] 
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The surfaces on which the blood crops fell evidently differed very 
n smoothness Some were smooth and entirel non-absorbent. 
others smooth and slight absorbent, ke the white wood Some were 
: 
: oug somewhat porous, as ( l une in the condition in which it 
- 
: Line i! e Sa ers We made a little smooth and non-absorbent 
: ’ 
; ( ne re uy nin oarads 
: 
lt e tTirst s es ere cescribe i surtiace is elgnt ‘ d-drops 
: 
n | (oy ol ese ai ys ‘ rol ea ol the fol} ving elohts » 
n ‘ ( ! es, | ) . &. = { eet In this wa 1 drop from an 
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0 BLOOD SPOTS 


ven height on one surface can be compared with a drop from the same 
g on a different surfac The appearance of the drops on the 

noother surfaces will first be given, then those on rougher surfaces. 
Clean glass is a good example of a smooth, non-absorbent surface. As 


en in the accompanying illustration (Fig. 1), the drops on clean glass 


mn ger il increase in size with the height. This is not uniformly so. 
| example. the 6-inch drop is larger than the 1-foot or 2-foot drops 
ind the drop which fell 4 feet ts mu arger than any of the others. An 
explanatior f this will be seen later. The smaller drops are almost 
entire smooth on the edge. Those falling from a greater height, 4 to 6 
eet, show several short, thick spicules, the number or length of these not 
epending entirely on the height. They are here more marked in the 
t-foot drop than in the others. The smaller drops, those from 2 inches up 
to 2 or 3 feet. form a thicker layer of blood than those from a greater 
height and show a tendency to crack radially and to becom separated 
rom the glass and easily dislodged. This is well shown in several of the 
drops in Figure 1, where considerable parts of the smaller drops hav 
failen m the glass. It is also noticeable that the larger drops show a 
rea neg 1) nto verv numerous rregulat areas wWitl minute cracks 
between then In general, the greatel the height from which the drops 
ell the thinner the laver of blood. ‘This, however. is hardly sufficient to 
differentiate between a 6-foot drop and one falling a somewhat less dis- 
tance None of the drops on this plate showed marked spicules and few 
show spatters If the latter occur. as thev do at times on clean glass, 
thev appear as small. rounded spots at a short distance from the main 
drop 

The contrast between blood-drops on clean glass and those made on 
vlass thi vered with dust is striking (Fig. 2). Here the drops up 
to 6 inches are still practically smooth. The size and thickness of the 
rops, in general, does not differ materially from those in Figure 1. 


t is also evident that the size of the drop does not always 


ary as the height. It is in the formation of spicules and spatters that 
{ ference between Figure 1 and Figure 2 is seen. In the latte: 
tiv ire present in the 1-foot drop, and are tully as marked in the 4-foot 
drop as in t 6-foot drop. The spicules are, in general, rather short. 
The spatters are, however, very numerous and have extended a considet 
abie distance from the main drop, the farthest ones being at least 6 inches 


om the nearest drop. The shape of the spatters here is in contrast to 
at in Figure 1. On clean glass. as on other strictly smooth surfaces, the 
vatters, if present at all, are round and situated near the main drop. 


ere are no irregularies to throw them in any particular direction. But 
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BLOOD SPOTS 

vula = furnished by dust particles on glass are sufficient to 

: spattering and to throw a pal the blood droplets 
t ree t roduce elongation of s e of the spatters. The 
is given the more marked spicule formation as seen in Fig- 

e tendency for the smaller drops to separate from the glass, and 
ger ones to divide into small irregular areas, is seen here as in 
The 1-foot drop is probably more irregular than it would have 


ad not fallen on the rim of another drop. ‘The first 1-foot drop 
ind separated from the glass, except at its outer part, and it 
edge of this first drop that the second one fell 

r glass plate, not shown in the illustrations, had dirt in sma 

| on it, so that it could be removed only by washing. This 
decided exaggeration of the spicules and spatters described in 


covered with two coats of white enamel paint, fur 


Spicule formation and spattering is 
The dried 


glass and no tendency to separate from the painted sur- 


smooth surface. 


is more adhe 


into small pieces with 


dent. There is the same s paration 


was seen in the larger drops on glass. 


sting thing about this specimen is the very small size of the 


than that from 3 fee 
than t 


measures 19 mm. It is smaller 


It is scarcely more irregular on the surface 1e 3-foot 


The laver of blood in the 6-foot drop is a 
1eT drops. 


last was obtained by pasting whit 


paper, such as is used for sphygmographic tracings, on 


making 


ard. The spots correspond closely hose on the white 


with t 


e ards spatte rs and spicules, 


ts on a smooth. varnished oak board gave even less spicule for- 
practically no spattering. The slight irregularities seen at 
of the drop are blunter than those on clean glass or thi 

{ surfaces mentioned, 
vood, planed and sandpapered (Fig. 3), gave a very smoot 
lhe contrast between the drops on it and those just described is 


not noticeable n the 2-inel 


spot we find blunt, short spicule From one foot up thi 
mand spattering by re ry noticeab lhe 6-foot drop 
t tthe ita more in dot -foot and 4-foot drops 
; s ora " I eases wit thie eight ol 

t 2) rr S strat ns. f Ss 1s not alwavs 



































































































































BLOOD SPOTS 
He v eb ot Ss not oe a } t al 
nsidera smaller than the 5-foot on The ist shows 
f ave [ blood than the rst, and the sp s are pel 
MN it Thicke This is owe r, not marked enough to certain 
te the tw The spattering has extended several inches from the 
ne as lar as the edges ( al Neal l the spatters 
en own with sue ce as to ma the resulting spots 
ard of white wood, plane: (Fig. 4). is su ir to the last exce 
alt rougher, not ving been sandpapere Comparison 
shown in Figures 3 and 4 shows at once the effect of this shig 
The size of the drops approximates that of the last plate 
€ spicules and spatters I onge ndicating that the wt 
th more fort Here, again, the great difficult not imposs 
f ny e difference etTweel ‘ ( >-foot and 6- t )s 
ird « hard pine, planed (Fig. 5), appeared to be about as 
the last on Yet a comparison of Figures ind 5 shows 
rence In the appearance ot b d-drops falling trom the same 
the two suriaces \s seen In Fig re vo, there s but a moderats 
real spi e lormation and ve! e spattering [rom al 0 
The blood is soaked into ft wood mu more than in th 
\ te wood, and so shows an elongation of the drops along thi 
e wood. There is little to differentiate the drops between 
et. except the size ind t : no ils Il eases reguilal 
ime lal and oiled (Fig. 6), 1s si ir to the last, except 
en oiled The two pieces came from the same board. The 
Terence etween the blood-spots on the twe yards Is seen at a 
the strations. The main part of the spot is smaller on the 
than is the corresponding drop on the one which is not oiled 
ng difference is in the spicules, and more particularly in the 
| s is shown in all « the drops trom WY teet }) It is most 
‘ foot and 5-foot drops Instead of extending out as mat 
es connected w t main drop, as seen in the drops on 
te wood (Fig. 4). manv of the irregular extensions here are not 
vil the main spot at a The ippear as margina spatters 
sp es This ma ave en caused bV the retraction of tly 
erore rving because of the oiled surface on whi it ft 
the spicules separate ym the drop 
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BLOOD SPOTS 


r ne (Fig. 7) is as s m the saw 
I is silght s1hie ) ! ming one l er an I 
I] o f ippearance of th sis W < wnint istratiol 
~ ¢ and sp e formation become evident in the 1 t drop n 
: s most marked 1n e 4-loot drop \s was seen in the planed, 
ird, the ood here s absorbed before ¢ n thus some- 
i ng the size rt spot 
g ird pine. oiled (Fig. 8). again, the effect « on the 
: well seen. The chief differences between this board and the iast 
ne are the greater distinctness of the drops, due to non-absorption of the 
{ ry marked spicule formation whi wgins In the 6-in 
p and is ve marked in the 5-foot drop; the amount of spattering and 


ent force with which these spatters were thrown, as shown }b 
ation. As in the case of the hard pine, planed and olled, man 
spicules e are not connected with the main spot, probably owing 
etraction of the blood-drop before drying. The minute, whit 
specks on the smaller drops, as seen in the istration, are not due to the 


| 





slodgment of bits of the dried blood, but are apparently caused b r 
of light due to the irregularity of the surface. 

specimen of wall-paper (Fig. 9) was made by pasting wall-papet 

a fair smooth surface on a planed board. Spicule formation 1s 


) 


“ent un | the drops except the %-ineh one, It yecomes marked with 


rmation of spatters at 1 foot, and from 2 feet up to 6 feet these are 


uke It is to be noted how verv much some of the drops are 
Cl }) ‘ s Is seen particulal n the 5-foot drop. where a consid- 
part the spot ts mace p of irregular spicules and margina 
rs Spatters have been thrown to a considerable distance, and wit! 
e, as is lent from the shap 

\\ val pt vasted ice down on 1 p ined wmard Gg es 1 suriace 
Siig lye in tiv isl Spi e tormation is quite marked even 
‘ lt enera e sp formation is more marked thal 
~ ‘ el nad spatters extender neal i rections 

) mm the ¢ I ! | thos rom a greatel elgnt 
( Ds is den nst ited ) 1 = series \ 
mt : stam nm the Terent surfaces, as 

< = ns } = ( i! ‘ ‘ smoot ness 
= = ( ! It Tel ~ = Tie y ”) i] 














5 BLOOD SPOTS 


\ ! is el aT tive 1 tha equent i op ta ng a 
ess l is made a large! oOd-spot than one 1 ng a greater dls- 
tance ! e Same sul ee | ‘ ) ous vplanat or T s is f it some 
di : irger than others when tie ‘ | was noticeable as the 

’ = , 

1 { yped Irom the rabbits eal it the drops varied 1n s1z¢ | s 
I lepended on whethy the ¢« ii been so cut that t Oo 
( ) ’ 1 vel wute ingie on 1 somew i nter on iis on 


ery s that the blood had time to become slightly more viscid befor¢ 
ng, the drop was naturally iarger than when the eeding was more 
rapl This difference in the size of the drops is a disturbing factor in 
empting to determine ( eignt om W cht od it rv the ( 
The next set of tests was mace to fin w great the simularit s 
etw drops whi i fallen from the same height on the same kind 
a surface. The different surfaces tried for this were white wood, 
planed; white wood, sandpapered; soft pine, planed; hard pine, planed 
ind oil The height varied from 2 feet to 6 feet. The singl ustra- 
tion shown of this series (Fig. 10) gives a fair idea of the results. This 


shows drops all falling Irom the height ol » Teet on to planed, white 


] 


wood. As seen in the illustration, the difference in size is considerable, 


the spots exclusive of spicules measuring from 18 mm. to 23 mm. In 
other tests, considerable more variation in size was found than is evident 


ere ( onside rable variation 1n the degree ol Spl lle tormation and spat- 


tering is also evident in the spots shown in Figure 10. This series merely 
i mfirms what we have been led to expect from the first series, that 
f rops ng from a given height on the same surface may var‘ consider- 
ably in the appearance of the resulting blood-spots. 

Thus far it has been found impossible to determine from the appeai 
ance « ndividual drops whether they fell 5, 4, 5 or 6 feet. The next 
ittempt was to study more carefully the spatters, as well as the spicules, 

from individual spots to se lL any evidenct f the effect of height could be 
‘tained in this way. For this purpose a single drop of blood was allowed 

to ta n a surface and the degree of spattering, as well as the appearan 

: of the spatters, particularly as regards elongation, was noted. These wer 
st ed under slight magnification, as well as with the unaided eve. Also 

the itive jength and thickness of the spicules were more carefull 
noted than heretofore. Over thirty preparations of this kind were made, 

the surlaces being of the same character as already indicated. Drops of 
lood were allowed to fall from 2 feet to 6 feet. On a single drop fel 
on I he oard It et ‘ rift Libit at l { = Lin ol I . Sspatte > 
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THE EFFECT ON THE KIDNEYS OF TEMPORARY ANEMIA, 
ALONE AND ACCOMPANIED BY PERFUSION * 





Cc. C. GUTHRIE, M.D 
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hemostatic forceps or serrefines (Fig. 1). Even with such precau 


more or less patent arterial connections are mainta ned, as shown 


fact that on withdrawing the perfusion needle, as a rule. arterial 


hlood soon begins to escape from the ope hing, 


In sonfe of the experiments the adrenals were shut off by the 


serrefine and sometimes they were not, so that we have some data on the 





Fig. 1.—NKidneys and aorta of Cat 22; operated on May 23, 1908 
graphed May 22, 1909. A, right kidney, rendered anemic and perfused; 





kidney, anemic only; E and D, temporary clamps on aorta: C. showing met hor 


clamping ureteral vessels; F, perfusion needle, thrust into aorta and connected 


tube with reservoir holding solution 


results of perfusing them also. In some cases the renal arte? 


1 


arteries) to one kidney was clamped during the perfusion so th 


wssible to compare on one animal the result of anemia alone, w 
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34 BRFFECT ON KIDNEYS OF TEMPORARY ANEMIA 


npanied by perfusion. The temperature of the perfusion liquid 

n different cases. as noted in the table. The pressure emploved 

is, for the most part, practically constant for the non-colloid solutions 
(pla “1 m chlorid, Ringer’s and Locke’s solutions), but with colloid 
solutions (e. g., starch) more pressure was required to force the liquid 





Fig. 2 Practical form of metabolism cage, containing two compartments 


Right compartment assembled ready for animal; left dismounted as for cleaning, 


showing parts, as follows: \ hinged lid: B) funnel-shaped metal bottom; 
( removable metal screen bottom on which the animal rests: (D) metal guard 
which fits inside upturned tlange on B): E) funnel and bottle for receiving 
urine Frame finished with waterproof paint All metal parts galvanized o1 
tinne 

nt e capillaries In those cases in whi t irine was collected the 
nin s were kept in metab sin cages aion vit eontl cats (] - ae 
l et, etc.. was the same in all cases 
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and not absolutely 
Was In general true tor our 


xl reaching the kidnevs was smal! 


anemias, though the 


mere dribble. 
porarily occluded arteries the kidneys rapidly 
ndicative of a very active circulation. The pri- 


eature of the 


iring directly on the 


major problem, may 





1S rowing « ~1 by thrombus just posterior to 
ised with salt solution, Jan. 26. 1900. Cat killed Feb 
! e aortic intima In two cases on 
uv ! e aorta. and in bot Lhese cases 
g< n tec eal proce re connected wit 
i =<tasis \ ( not ! Tlie hntima 
( shed and otherwise iitreated 
, re = ain ) the thrombus 
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L extended for some distance ot wove am t vt ‘ oll ( 

: arteries and the cat died during the first da The second eat (N 

showed partial paralysis of the nm mbs fo few davs. but this s 

i. entirely disappeared. Qin the twentieth da the animal was ed wit 

; chloroform. as its kidnevs were desired for examination \l ton 

surprise, on examining the aorta, W c! Ss part ol the routine oF su i 
post-mortem, the lumen was found to be completely occluded by an old 
thrombus, beginning 2 to 4 mm, posterior to the origin of the rena 
arteries and extending ba ward for 11 to 14 m1 (Fig ) \ few davs 
later [ received a reprint from Dr. Halsted nw e gives the results 

gradual occlusion of the aorta in os. the o Sjol ein ,) ; 

hy means of an aluminum band Clasp aro I == in ingel : 






3 
‘ Fig. 4 Cat 22: Mav 23. 1908, arterial circulation to both kidneys restrained 
i for % minutes 45 seconds During part of this period the right kidney was per 
: fused with Locke’s solution. May 22, 1909, animal photographed and chil formed 
: See Fig. 1) 
instrument devised by m for the purpose Kssentia the aly = 
vations on the cat agree w s obse itions on dogs. H vs observe 
‘im a number of instances, about three months alter the “ tor i 
deposit of extradural fat about the « ad below tne site Or val 
(}). 377 ) He Drotilses a eport ( \ san? = VW 
giving the terature and =I thes ect 
t. Halsted, W.S Partial, Ph essive and Complete O 1s Aorta 
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simple ligation of the renal blood 
dav or two preceding death there i 
With the 


] 


of the stronger ones the pupils us 


suppression of urine. 


during the height of the stronger convulsions the pupils dilated It may 
he remarked that such changes in the pupils are probably due to deficient 
respiration, it being known that partial asphyxiation produces a const) 
tion (Guthrie and Ryan), followed by a dilatation the asphyxia 
sufficiently complete, 

Anatomical Chanaes. As a} e when « ymined to a few weeks 
after the operation the grosser changes consist in what we ive tern i 
‘subnormal resiliency.” i. e.. the kidnevs feel mor , ss flabb , 
appearance they are pale, on section the cortex is pale, the med 1 col 
gested, while in the boundary zone a marked stripe of congestion seer 
The tissue has more or less of the “cooked ippearance that patho sts 





Fig. 5 Cat 41. photographed shor 
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Vessels or cdouble 


ippeared to be a 


rhter convulsions and during the onset 


ual VY showed rb 


tly before death 


and s rasmodic condition Note the constricted pu rils 
I 


adrenal arterial circulation restrained 


for 14 minutes | 


of this period both pairs of glands were perfused wit! 


animal lived thirty-two days 


have associated with parenchymat 


us degeneral I 


ray 
hHephnrecloms Kor a 
more or less complete 


irked constriction, but 








showing etiaciated, wea 
Jan. 27. 1900, renal and 
During part 


» seconds 


1 Locke's solution The 


the kidney becomes harder, and on section Jess me al estion is 
seen. The cortex is paler than normal 

Histological Changes.—The most prominent feature i iriv examit 
tions is the congestion. This is greatest in the bounda ne al 
medulla. Later. interstitial hemorrhages occur throughout en 
organ. At this stage cloudy swelling, of the tubular cells especia P 
observed, This and the succes 7 y degeneration is als 1 ! 
the cortex. Cellular infiltration sO OF =. part i rn the oul " 


5. Stewart. Guthrie and Pike Jour 
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region. The degenerative processes may proceed until cell structure is 
Ost \s a rule, such processes are more marked in certain areas than in 
thers, so that such areas are surrounded by tissue showing more nearly 
normal structure. Such degeneration may result in the disappearance of 
Malpighian corpus les as well as tubules proper, 

Chenical Changes.—The observations so far have been confined to the 
he \t first there seems to be a decrease in the amount of urine. 
shows a high specifie gravity and a high percentage of normal 


solids, e. g., urea and chlerids. In the more protracted cases the amount 





Fig. 6.—WNidneys of Cat 32, which were perfused with salt solution Jan. 26, 
109. The animal died Feb. 15, 1909, twenty days after perfusion. 


and composition may approach the normal for a time, but prior to death 
another change occurs so that the specific gravity and content of normal 


solids may sink below the normal.® Neither albumin nor sugar have been 


6. It is interesting to note the composition of normal cat urine. The daily 
averages for one of our control cats for one week was as follows: Amount 91.4 
CC. Sp G. 1.059: ecehlorids abundant: urea 17.5 per cent. (by the hypobromite 
method). This figure for urea is unquestionably too high, and I wish to eall atten 
tion to the fact that the figure given in the table accompanying the paper in the 
Journal of the American Medical Association (1908, li, 1658) should not be taken 
as indicating the actual amount of urea present. For some reason as yet unknown 
to me, the hypobromite method has indicated far too much urea in all cats’ urines 
to which it has been applied. I may say that when time permits, we intend mak 
ing more thorough analytical studies of the urines, samples of which we have care 
fully preserved for this purpose 
































Fig. 7 Cat 31, of which the kidneys were perfused for eight minutes with 0.9 
per cent. sodium chlorid solution, Dee. 22, 1908. Left kidney excised at end of 
operation At the time of death, 131 days later, this animal presented a ver 


remarkable thickening of the skin of the head. such as we have neve) observe 


oar aaa 


before ina cat. There was no indication of it at the time of the operation. We do 
not necessarily conclude, however, that the condition was due to te mporary anemia 
and perfusion of the kidnevs or that the condition itself was solely re sponsible for 
the death of the animal 


o>. Attempts thus far to de Se a non-TONIE se tion for pert ny. e.g 
7 ] ] } ; 
i sait-starch solution, have re« ed no encouragement trom t results 
!. Anemia with perfusion of the dnevs as a rule is followe 
death of the animals within a few months—the majorit ne i 
weeks 
5. fh e cause of the diflerer - I Live if deat ol iit ils 
] ] lial rit , . ’ , , 
Inknown. Individua peng a Cs Tha “ (an 1) a ire) a 
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immersed for fifteen minutes 
temperature 0 15 degrees ¢ | 


10. Policard 


trimental. 


compiis 


the nature of “hormones” 


ou ( al rss n decreases 

ne de that the CLOT is 
anemilas accompanied b 

sue recelvIng a subminima 


iit Ot its subsequent act | 
riod ot anemia 

Indeed, it is well known t 
e.. Without ahastomosis of 
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REFRFECT ON KIDNEYS OF 


w, If we examine the salt solut 
more ¢ the inorganie salts in ay} 
d. Yet thev are all similar! 
taining, in addition to more a 


un and caleium). grape-sugar. 


it of normal blood. In certain pl 


reatly from blood, or even ser 


wing the case, we might attribut 


TEMPORARY ANEMIA 


ons. we find that thev all contain 


yproximatelv the proportion found 
v toxic. The same is true of the 
uindant blood salts (viz.. sodium. 


which 1s considered another con- 


vsical chara ters these solutions 


im, e. g.. they are non-colloida 


e at least a part of their harmful 


to this factor. To test this point a colloidal solution was pre- 


adding boiled starch to a salt 


ne point, ele trical conduc t1\ 


solution in such proportion that 


tv and viscositv were nearly iden- 


th normal cat’s blood (defibrinated). Yet it was no in provement 
e plain salt solution, as judged by the result (Cat 50). But it 
” a mistake to draw conclusions from this experiment, as star : 
ormal colloid for blood. Besides, owing to the cooling of the kid- 
ng their exposure made for observing the « rse of the injection 
temperature was 15° ©C.). it Is not improbable that the tempera 
e solution was lowered to su in extent tha ts viscosit 
ease \ considerab Gg njection pressure was re ‘ 
tie ther solutions, s« - Ton n st " iKel nto ac nt 
eret to sa no control experiment was performed to deter- 
effect o mere ntroe ney I nt icats ¢ llatlion su 
ents are outlined for ite 1M ormance is We is e employ- 
ther co da solutions, ¢ vy yun ra ele as wt is 
inimal origin. e. g.. serum and milk products. I may add 
Sait-stare solution prepared as above, In comparison with plain 
chlorid solution. Ringer’s solution and Locke’s solution and tur- 
od on strips of turtle’s heart, gave results most nearly like th 


self: viz.. on the ventricle it had slight or no stimulating action 


strip retained its irritability we 


ntractions for a longer time th 


as also less evidence of stimulatic 


re complete account of the sol 


on, as it is hoped that results 


ned and incorporated. 


annot be considered to conti 


evidence that rape-sugar, W 


while on the auricle it sustained 
an the other salt solutions, and 
ym. 
ution will be reserved for futur 
with other similar solutions may 
only normal physical properties, 
iin an adequate pabulum—there 


hich is a constituent of Locke’s 


s rdequate mn this d ection. although it s destroved Vv active 
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tissues. Still since the pel od of anemia is relatively short. and sinee 
organs or even cells, like animals, undoubtedly contain a certain amount 
of material that can take the place of that supplied by the blood for a 
time, too much stress should not be laid on this point. Even a certain 
store of oxygen is laid up in the tissues themselves that can be drawn on 


In such emergency conditions, mut ther sno evidence that the kidne 


has a sufficient store to last an vreat lengt tf time, as is the case 
muscle. 

Aithough the solutions emploved were we aerated, the contammed but 
a fraction of the amount of oxvgen found in arterial blood ndeed, t 
amount even under pure oxygen is insignificant compared with ordinar 
venous blood. So we may conclude that the tissues received too litt 
oxvgen. Again, the carrving capacity for carbon dioxid of the solutions ts 
far less than that of blood \lso. the total amount of solution injected 
into kidneys, compared to the amount ¢ 0 passing through then 
normally in the same length of time. is insignificant. We mav conclud 
therefore. that in anemia with perfusion, as ( as in anemia atone 
there was a profound decrease in renal respiration, and that this was 
probably greater in the former than in the latter cas Although some 
slood probably entered the rena essels and became mixed wit the 
perfusion solution, the total amount thus entering, considering all othe 
factors as being the same, would be less during perfusion owing to thi 
pressure of the perfusion liquid. \lso. such as entered the vessels and 
hecame mixed with the solutions probab had a less metaboli value pet 
init, owing to the dilution. Numerous other possibilities might by 
rought forward. but what is written above is suflicient to indicate the 


state and COMDPDICNITV OF The pnroblien 


rhirtieth Street and Brereton Avenue 


ll. Locke and Rosenheim (Jour. Physio L007, XXXVI, 205 using survivin 
hearts, observed a mere rapid disappearance of dextrose from the perfusion thai 
during activitv. MeGuigan Am. Jour. Physiol., 1908, xxi, 334 working in n 
laboratory, obtained the same result for skeletal musele prior to the appearance of 
Locke and Rosenheim’s announcement So long as the isolated skeletal musel 
d by response to electrical stimulation) the sugar disappears 


survive (as indicat 


Later, the perfusion fluid filters through the walls of the blood-vessels into t] 


tissues but the sugar contained therein does not appear to be destroved 


12. Guthrie and Pike Am. Jour. Physiol 1OOT7. xviii. 14 
13. It is well known from studies on isolated tissues Cf. Guthrie and Pike 
Loc. cit that bevond a certain dilution, the addition of blood to ‘ net 


fusion liquid is of small value 
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\ STUDY OF PNEUMOPERITONEUM 
WITTE A [EANS FOR ITS DIAGNOSIS 


WILLIAM WORTHINGTON HERRICK, M.D 


NEW YORK 


’ vweritoneun innot be ivnosticater m its sical signs 
I one ot thes na e present in tvn nites ese stuns, ap 
- ecognized bb Bart ana R ot are 
\ eh-pitched, tympanitic, often meta ) ssion te - 
ility over e entire abdome! 
’ A diminished or absent area o r flatness 
\ distended, tense abdominal wa 
embarrassment of the respirator movements and the eart actor 
In clinical work the only sign n h regarded is the obliteration 
flatness, and against its reliability there is an increasing array ol 
Osiel as spoken Of the probability of its occurrence in tym- 
s: T. C. Janewa of the proof of this at operation Spreng 
ns rs it a sign of early spreading peritonitis. McCrae* says that 
re is anv degree of distention no dependence should be placed on it in 
agnosis of perforation of the intestine in typhoid. Cabot’ believes 
at stended colon. by rotating the liver upward so that onlv the thin 
r edge is in contact with the bod wall. may obliterat iver dul- 
: Ix ein n recent experimental work on cadavers, finds absence 
el ness bot n the relaxed paralytic condition of the diaphragn 
stages ol peritonitis and also in the opposite or spastic condl- 
‘ ipnragn ret nt n eal spreading peritonitis In l 
‘ t the san writ presents a nical stuc of the in sin 
ness, con ding that this ma e obliterated by a ymbined 
il rigiait the abdo na nuscies, and that this condition 
! fferentiated from pneumoperitoneun Sure ere 1s suspi- 
Cisler Practice of Medicine, ] tion 2. p. 24 
2. Personal communication 
Sprengel Deutsche Chirurgie, Lieferung 46 
$. MeCras Osler’s Modern Medicine 1, 132 
». Cabot Physical Diagnosis, Ed. 2, p. 133 
6. Kireheim Leber das Verhalter de) Leberdiimptung ‘ ibdominalen 
rankungen, Verhandl. d. Kong. f. innere Med., 1909, p. 215 
i. a n Lele us | =Ve ilter er Leber mpftung bei abdominalen 
gen, Deuts \r f j Mie 100. nevil, 504 
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clon e} gv st on this sign to ( re ( 
seems to i ePcn a to the wits avallable I 
peritoneum since 1865, whe Barth and Rog : 
ind i874, when Guttmann® admitted that it coulk 
differentiates rom tvmpanites | s, added to ( 
( methods « agnosis ¢ tvp r ition 
aT ‘ 
B mecans lL specia ( ~eM mratus 
vas ntroduces nto the ( onea ivilies ¢ 
thetized by morphin and eth ind ol cadavers 
made on dogs and tour on cadavers 1 rydra ‘ 
Lbsence is In ¢ peritoneal cavit Was demons 
method to be des ed lat The first object of st 
ment ol a re ve Quantitative Lluation Lhe phys 
peritoneun The esults ¢ observatior nn ‘ 
niform that. for the sake of conciseness, 1 ave 
experiments are rhe el 
Phi average welgit the dogs was 1] < 

vas introduced into the oneal space Was r 
metallic, slight quid gurgies and ) ne sou 
stethoscope and due to the rapid gravitation o 
tinal coils toward the least dependent parts. When 1 
the air so introduced finds its way verv qui ( 
eneath the anterior leaves ol the diay] ravn mol we 
tiv | Ver This movement = doubtless as 1 ) a 
Lio! The second sign to appear Was a change n 
After 50 « ‘ r had Ind place n the pe nea 
“ the pre yuslv existing resonance s ved a note 
i a more tvmpanitic and ( slight metallic ¢ 
Liu the sign 1s on rela ( md an vact ! 
ous eXisting resonance woul ” essential tor 
Chine ndred and tort CA vere enoug to 
The mall amour of free gas necessa t ring 
= ‘ ( surpris« atl rst > i hnders 
Weit work on e intra-abdo ITESSUTE \ 

8. Barth and Roger Praits ratiq tusculta ” 
observation made in [S65 p. OSS 

0. Guttmann Lehrbu er nischen Untersu TT 
IS74. 355 

10. Weitz, W Leber len ntra lominellen Dru 
Arch. f. klin. Med., 1909 ev, 257 
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ravitate toward the posterior wall and 
e to the production of negative pressurs 
the peritoneal cavitvy—in this instance, th 
ace of the liver and the anterior body wal 
ire demonstrated in the bladder when the 
est position, Obliteration of liver flatness 


certain well-defined stages. During the 


peritoneal cavity the percussion note ove 
gher in pitch and more tympanitic in 
lin anterior edge. Soon all dulness disap- 
ve n n the most superior pos l 
1 the « vast ! 7 out the sit the 
Wd n vas 1 Ss area e! whes i ( 
ness from left to right until the entire 
The note s now I orn nh pit 
I ove ne portion the abdomina 
nm pit than that optaine ver norma 
ind the sensation given ‘ nae s 
1 men t an \ten ippreciab thie 
Cssdl ‘ ippearance ¢ I s sign tf is - 
terated ver dulness rhe amount of an 
on and heart action was S00 ¢. 
vel ss Satisiactol | ‘ = e ( 
mortis and the occasional presence it gas 
result OL decomposition made accurat 
the introd tion OL gas into tie erito- 
same order as In servations on dogs 
erat er dulness yaried from 250 
cl Mor na 1<¢ =. to 1.000 « ' i 
tigor mortis and the absence o 
ments probab thes vures highe 
li =ubyect 
weil r < } purposes ft sole Dp Sl- 
t I il spa ind | eine neithel 
Ss secre lesirable 1 it some more 
s ( yection to intro cing a troca 
( Ss ascites Cari n T = Tul ( 
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presence of intraperitoneal gas. ‘To have value, such a procedure must 
be safe, must be readily done, and must give results that are 
uniform. 

The method developed is as follows: 
The apparatus required consists of a needle of special construction, 


or 


an ordinary laboratory wash-bottle with perforated stopper and gl: 


tubing arranged in the usual way, half a yard of sound rubber tubing, 


about 0.25 inch in caliber, a rubber bulb open at either end, and a clip 
cut-off. Given the needle, the whole device may be put together in a 
moment. The ordinary exploring needle is dangerous in the abdomen, 
the sharp point occasionally, though rarely, tearing the intestine. It is 
also useless in determining the presence of gas, since its lumen is almost 
always plugged by tissue or exudate when passed through the body wall. 
\ needle which is not dangerous to pass into the peritoneal cavity, and 
. 


one whose lumen remains patent under the conditions of its use, was 


devised. This is a small cannula, the distal end consisting of 
unequal dis 


an obtuse 


pyramid and having two or more lateral openings placed at 











Fig. 1—Exploring needle with two lateral openings 


tances from the point (Fig. 1). The point is so blunt as to pass through 
the skin with difficulty and a small incision should be made wit 
Once through the skin the other layers of the abdominal wall are easi] 

Th, 


penetrated and the needle point slipped into the peritoneal space. 
h the long tube of the wash-bottle tw 


needle is connected previously wit] 


a scalpel. 


thirds full of water, and the air exhausted by suction 
rubber bulb or by the operator’s mouth (Fig. 2). 


Y 


If the apparatus before use is proved to be air-tight. the presence 


air free in the peritoneal space, even in very small quantity, is shown 


the appearance of bubbles from the immersed glass tube. A single bub 
ble, or at most two, may be drawn from the apparatus itself, but mor 
than this must have some other source. The comparative value of this 
procedure has seemed the question of highest practi al Importance. T 


rapid access of gas to the most superior parts of the peritoneal space and 


its uniform collection immediately beneath the body wall aid in making 


this direct test of pneumoperitoneum very delicate. With the occasional 


exception of the comparative per 


ussion sign, It s, experimenta 
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most «e ite sion of pneumoperitoneum, and was obtained in the average 


the observations on dogs after 75 c.c. of air had been forced into the 
peritoneum, and in every instance considerably before the obliteration of 


flatness, 

The safest site for such a puncture is the anterior abdominal wall a 
ittle below the level of the umbilicus in the median line or along the 
external border of the rectus. This is below the great omentum and away 
from large vessels or solid viscera. It is not necessary for success that 
the tip of the needle enter a collection of gas. The creation of a partial 
vacuum in the wash-bottle gives rise to an area of negative pressure 
about the tip of the needle, toward which point any free gas is imme- 


ate rawn. As a refinement of the test a solution of lead acetate may 





sé n the wash-bottle when hydrogen sulphid, if present, would 


precipitate the black lead sulphid and tend to confirm the intestinal ori- 


» gas withdrawn. 


I have only one clinical report to present, and that negative. 


The patient, in the service of Dr. T. C. Janeway, at St. Luke’s Hospital, New 
York City, was a man of 20 years, in the third week of typhoid, showing a typical 
course, until two days before the experiment. At this time there was a sharp 
abdominal pain and a fall of temperature, a little vomiting, a rise of eighteen 
beats per minute in the pulse-rate, and an increase in the severity of the general 
symptoms. The pain ceased, but after two days there was uniform tympany, a 
little shifting dulness in the flanks and slight tenderness in the iliac fosse. The 


liver dullness was not encroached on and the leucocytes were unchanged. Perfora 
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small exploratory incision under 


a 
Incision showed no 


tion was suspected and 
Exploratory puncture showed no free gas 
and no perforation. 


h an exploratory puncture 


The type of case in which 


value is that showing tympanites preceding symptoms of 


foration. 

My thanks are due Prof 
privileges of the laboratory of clinical pathology at 
Surgeons. 


131 East Sixtieth Street 








F. C. Wood for his courtesy in extending to me 
the College of 
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HEART-BLOCK ASSOCIATED WITH INFECTIOUS DISEASES 


FRANCIS W. PEABODY, M.D. 


BALTIMORI 


One result of the recent clinical and experimental investigations of 
circulatory disturbances and of the clearer recognition of the functions of 
the heart muscle has been an analysis of the various forms of arrhythmia. 
Diagnosis, prognosis and treatment alike demand that the physician 
understand, if possible, the pathological physiology of any given instance 
of cardiac irregularity. A group of cases in which arrhythmia is not 
infrequent, and in which the determination of the type of arrhythmia is 
of considerable importance, is that which includes the irregularities of 


the pulse occurring during and after infectious diseases. While all text- 


hooks call attention to the fact that the heart may be irregular in almost 
inv of the infectious diseases, there has been little accurate work, based 
on cardiographic methods, to show what types of irregularity are most 
often present. This is doubtless due partly to the fact that, with the 
exception of arrhythmia dependent on respiration, which may be prac- 
tically considered as being physiological, irregularities of pulse usually 
occur when the patient is in too serious a condition to allow the taking of 
tracings. It is also true, however, that the more grave forms of arrhyth- 
nia are not especially common complications of infectious diseases. Ther 
is little available evidence on the subject, but in all probability any of 
the cardiac functions may be affected by the toxins of infectious organ- 
isms One of the most interesting effects, however, is seen in the depre S- 
sion of conductivity—in the production of a partial or complete heart- 

In a study of the occurrence of disturbances of conductivity depending 
on infectious diseases, those cases must be omitted in which the length of 


time between tl 


e infection and the production of the cardiac lesion 
s such that an etiological relationship is improbable, and also those 


nstances in which the type of arrhythmia has not been determined accu- 


rately. The literature contains only a comparatively small number of 
cases of heart-block arising in or following infectious diseases, in which 
the condition has been proved by graphic records of the venous pulse. 


l 1 


Mackenzie’ reports a case in which he states that the tracings show a 


1. Mackenzie Brit. Med. Jour., 1902, ii, 1411. 
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complete auriculoventricular dissociation coming on eight weeks after 


1 


attack of influenza. Joachim? reports the case of a man of 


ae | 
~ 1 


who dey 
oped acute endocarditis and aortic insufficiency after a polyarticular rheu- 


matism, and who showed a partial block for two days. A second cas« 
was a man of 19 with acute endocarditis and aortic insufficiency in whom 


the dromotrophic disturbance continued for two weeks and was occasio1 


ally present afterward. <A third case of Joachim’s*® was one of acute rheu- 
. 


matism in which a partial block was present for twelve days. Jellinek and 


Cooper* reported a case of acute gonorrhea] sepsis in which the pulse 


~) 


became as low as 22, and in which there were intervals of forty seconds 
without a pulse-beat. Autopsy showed an anemic necrosis of the mus- 


cular septum in the region of the bundle of His. Gerhardt® has reported 


three cases. The first was that of a man of 25 years with acute arthritis 
and fibrinous pericarditis. The pulse was intermittent and became as 
ow as 15 per minute. At this time the patient had vertigo and loss of 
consciousness—typical symptoms of Adams-Stokes disease. Later the 


pulse rose to 50-70, and tracings showed a partial heart-block. About two 


1 


months after the onset of thy arrhythmia the patient died of typhoid 


fever, and autopsy showed a cellular infiltration of the bundle of His, 


é l 


with a thickening of the intima of the arteries of the bundle. The 


second case was that of a man of 54, with a well-compensated mitral 


insufficiency, who had several acute exacerbations of a chronic gon- 


orrheal arthritis. At one time there was evidence of complete dissocia- 


on. This was followed by partial block and recovery. The third case 


of Gerhardt® was that of a girl with acute rheumatism, in whom eve! 


third or fourth pulse-beat was dropped out, the irregularity only lasting 
one day, however. James’ has reported a case of dissociation occurring 


naman ot 65 during the course ot a streptococcus septicemia. At 


autopsy an ulcer was found situated on the interventricular septum, com- 


loventricular bundle. Bramwés 


plete ly destroy ing the auricu 15 desc ribed a 
man of 29 who developed a complete heart-block during his seventh 


attack of acute articular rheumatism, which was complicated by 


the aortic and mitral valves. The patient died, and autopsy showed 


is degeneration of the bundle of His, with a calcareous nodule press 
Joachim: Deutsch. Arch. f. klin. Med., 1906, Ixxxviii, 574 
Joachim: Ztschr. f. klin. Med., 1907, Ixiv, 95 
Jellinek and Cooper: Brit. Med. Jour., 1908, i, 796 
Gerhardt: Deutsch. Arch. f. klin. Med., 1908, xciii, 485 
Gerhardt: Arch. f. exper. Path. u. Pharmakol., 1903, li, 11 
7. James: Am. Jour. Med. Sc., 1908, exxxvi, 469 
8. Bramwell: Brit. Med. Jour., 1909, i, 995 
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ing on it. Rihl® reported the case of a man who had had a pulse-rate 
averaging 30 ever since an attack of acute rheumatism. Thirteen years 
after the attack tracings were taken which showed a complete auriculo- 
ventricular dissociation. There are several instances in which lesions of 
conductivity have developed late in old rheumatic hearts. but such late 
manifestations fall outside the present consideration. 


REPORT OF A CASI 


lhe following case was studied in the medical wards of Dr. W. S. 


Ti aver at the Johns Hopkins Hospital! ; 


Patient.—M. F. (general number, 67,009; medical number, 23,625), a colored 
boy 16 years old, entered the Johns Hopkins Hospital on Jan. 23, 1909, complain 
ing of “general soreness, weakness, and painful joints.” The case was diagnosed 
as acute rheumatic fever and mitral insufficiency. Family history was good and 
patient’s past history negative except for pneumonia at 6 years and frequent 
“sore throat.” The patient worked in a “cement gang” on the sewerage system 
Four days before entrance, on going to bed, he felt a “little sore and achey al) 
over.” The next morning his pain was worse. It was quite marked in all his 
joints and in the epigastrium. No chills or sweats. The pain continued about the 
same, but had become most severe in the elbows, 

Physical Examination.—This shows a well-built, apathetic boy, of good mus 
cular development. The anterior pillars of the tonsils are somewhat injected, and 
the left tonsil is slightly enlarged. There is moderate general glandular enlarge 


ment. The lungs are negative. Heart: ‘The apex impulse is felt in the fifth 
interspace 9.5 em. to the left of the mid-sternum. The left border of relative 


eardiac dullness in the fifth space is 11.5 em. from the mid-sternum. The right 
border is just outside the sternal margin. On auscultation the heart’s action is 
regular. A rather loud, harsh, systolic murmur is heard all over the precordium 
ind transmitted to the axilla. The first sound at the apex is rather weak. The 
second sound is louder, and as the patient lies in the left lateral position a third 
sound is audible following it in early diastole. On careful palpation at the apex 
there seems to be a slight second impulse in diastole, synchronous with the third 
sound. This is more marked during full expiration. The second sound in the pul 
monic area is accentuated and louder than in the aortic area. The abdomen is 
negative Che patient complains of pain on manipulation of the right knee, and, 
to a less degree, of the left knee. The left elbow is painful on motion, and the 
right elbow slightly so. joth hips are painful on motion and tender to pressure 
Chere is no swelling or redness of the skin over the joints. Palpation over the 
lumbar vertebre and muscles is painful. Pulse is 92, regular; red cells, 3,936,000; 
white cells, 16,400; hemoglobin, 75 per cent femperature on admission is 101, 
blood-pressure 90 mm. Urine examination is negative. 

Course of Disease On January 26 the pulse-rate was 76, and the rhythm was 
somewhat irregular; the beats coming in groups of four or five. For over a week 
after admission the patient had fever, often reaching as high as 103. The whit: 
count remained elevated. The pulse ranged from 70 to 90, and later ran from 
50 to 60 per minute. The type of arrhythmia noted on January 26 only persisted 
for a few days. On February 6, however, after the pulse had been very slow for 


} 


some time, second type of irregularity set in. This consisted in a more or less 


®. Rihl Ztschr. f. exper. Path. u. Therap., 1906, ii, 83 
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frequently recurring bigeminal rhythm. With the first beat of the pair, a systolic 
murmur replaced the first sound. This was followed by the normal second sound 
but not by a third sound. Instead of the latter, the first sound of the second beat 
came, and was followed, without any systolic murmur, by a second and a third 
sound. The patient’s general condition improved, his pulse became regular, ar 
was discharged on February 19. 


1d he 


ANALYSIS OF CARDIOGRAPHIC TRACINGS 


The tracings taken on January 26 (Figs. 1 and 2) show the heart to 
] 
i 


be contracting at the rate of 83 per minute. There is a slight irregularity 
in the length of the brachial pulse-beats and a similar variation in the 
length of the auricular intervals—from 0.775 to 0.95 seconds. This irreg 


ularity undoubtedly falls into the class of “respiratory arrhythmia.” 
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Fig. 1.—Partial heart-block. The carotid pulsation participates in the venous 


tracing. In all figures the upper tracing is the timer, the second is from the 
jugular vein, the third is the cardiogram, and the lowest is from thie bra il 


artery. The timer marks in tenths of seconds 


Besides this. there are occasional pulse intervals on the brachial tracing 
which are just about twice as long as the normal interval. These long 
pauses occur after every four or five beats. Comparison wit he apex- 


irve shows that the ventricle did not contract in this interval: it is t 


not due to an extrasystole. On some of the apex tracings, however, the 
s seen, early in the pause, a very slight rise which is found to be almost 
synchronous with a well-marked wave on the venous curve ; S latte 
is, by the time of its occurrence, undoubtedly a wave of auricular contrac- 
tion. The long interval between ventricular beats is thus « either 
the fa re f the stimulus to contraction to pass from t} t 
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ventricle, or to the fact that the excitability of the ventricle was so much 


7 


red that it was unable to respond to the stimulus. Wenckebach’® has 


iOowe 


stated that disturbances of excitability are characterized by a normal 


conduction time. Analysis of the conduction time in this case shows it to 
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1 diastolic wave remains obscure. It may perhaps, be considered as what 
Hirschfelder** has described as an h wave. 

On February 3 the pulse was 48. Atropin gr. 1/60 was given hypo- 
dermically. The pulse-rate rose to about 70, but remained regular, show- 
ing that even at this more rapid rate the conduction fibers could respond 
to every impulse. The a-c time before atropin was given was 0.20 second. 

On February 6 the pulse was irregular agsin. After deep inspiration, 
and at times without any cause, there were a series of from two to ten 
long pulse intervals. In some of these 2 weak beat was palpable at the 
wrist. Auscultation showed, however, that, contrary to the findings pre- 
viously, the ventricle was contracting in these intervals, but contracting 
prematurely. The arrhythmia at this time was thus obviously extrasys- 


tolic. The tracings (Fig. 4) confirmed this observation. On the brachial 
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wave is fused with preceding v wave, so that the onset of the a wav 


not be accurately made out. There s, however, apparentiv no shortel 


of the conduction time at any rate—as there would be if these wer 


auriculoventricular extrasvstoles. [The venous pulse bears out the « 


ception that the arrhythmia is due to auricular extrasystoles. The san 


mid-diastolic wave that was present at the slow rate is seen in the long: 


pauses on this tracing. 

The case may be summed up as one of acute articular rheumat 
with mitral insufficiency, during the course of which there develope 
transient, partial heart-block, and later on an extrasystolic irregularity 

It is interesting to note that of these 12 cases in which there has be 
proved to be a disturbance in the conduction of the impulse from 
auricles to the ventricles, occurring in the course of, or following, 


infectious disease, 8 belong to the group of cases which includes a 


articular rheumatism and rheumatic endocarditis. From so small a nu) 


he r of 
{ ] ] 


parative frequency of the occurrence of the lesion, but the 


age tallies well with what one might expect in a disease so commo! 


large perce! 


cases it is, of course, impossible to draw conclusions as to the con 


; 


associated with cardiac involvement. Mackenzie’* says: “Slight heart- 


block is of frequent occurrence in cases of mitral disease after rheuma 


fever, and even complete heart-block may occur in rheumatic heart afl 


tion.” There is little absolute evidence as to whether heart-block is 


after other infectious diseases, as typhoid and pneumonia. Inasmu 
however, as it has been shown to occur after influenza, there is every 


son to suppose that it may occur in them. lbutler’* reports the case « 


el 


man whose pulse never had risen above 42 since an attack o typhoid lever 


twenty years previously. In his final illness the pulse was at times 
there were pauses between beats up to 20 seconds in length, and 
convulsions. The auricular pulsations were 80 to 150. The case 
dently one of dissociation. At autopsy fa nfilt n at wen 

of the bur e were found. Phe ition ¢ thie ss ition 
fever is, of course, problematica Folk is reported a case s ng t 
\dams-Stokes svndrome coming on att in atta of diphthe: 
infortunately no cardiograp ti os taken. a ‘ 

as to enous pulsat n; so the el that a t S 


S ncomplete. In a series of 946 cases diphtheria, White a1 s 
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three instances in which the pulse became as slow as 30 to 20. but 
no observation which throws light on the tvpe of bradycardia 


f 


xtreme] slow rate, however, suggests the ventricular rhvthm of a 


plete block. Mackenzie!? mentions having seen tracings of mild heart- 


obtained from a case of “septic poisoning” and also from a case of 


ral fever He further states: “In acute infections of the heart, 
usually content themselves by mentioning irregularity as one 

ral symptoms, but the instances cited show that if graphic records 

aken, this condition may be found fairly frequent 

examination into the severity and duration of the symptom in the 
er consideration is of some importance. In the case of gonor- 


sepsis there was complete dissociation of auricles and ventri les 


on an organic lesion, and the patient had frequent convulsions 
was verv probablv due to the sepsis, but the cardiac condition must 
S84 s severe. Gerhardt’s case of gonorrheal rheumatism showed no 
ective svmptoms except a sudden attack of dvspnea. The 
ndition, however, was at first one of complete dissociation, and 
partial block. the wh asting about a month. Mackenzie’s 
luenza showed apparently no special subjective svmptoms | 
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of the ventricular beats is dropped out. Such a partial block is thus 
mere the next step to the prolongation of “conduction time.” The 
production of heart-block by stimulation of the vagus is well shown 
n Figure 5. In this case the rhythm was regular, but the conduction 
time was considerably increased, presumably on account of some lesion 
of the conduction fibers, and the slightest pressure over the vagus nerve 

the neck was enough to cause the dropping of one or two beats 
This extreme activity of the vagus is, of course, not seen in persons 


normal heart muscles, but it is fairly comparable to the conditions 


present in the heart during or after an infectious disease. According to 


‘Tabora,’® stimulation of the vagus alone will only produce a par- 
tial block, but the action of the vagus on a poisoned muscle may result in 
i complete block. Thus it is easily conceivable that in a heart muscle 
inder the influence of bacterial toxins, vagus stimulation might cause a 
temporary complete dissociation. This was, perhaps, the condition pres- 
ent in Gerhardt’s second case, which resulted in recovery. Analogous 
instances are the cases of Mackenzie.* in which artificial stimulation of 
e vagus by means of digitalis produced a partial block in rheumatic 
earts. It is also interesting to note in this connection another quite 
distinct form of vagus activity to which Belski’® has called attention as 
occurring during infectious diseases, and especially in acute articular 

matism. The condition described by him is a bradycardia associated 
with a change in the place of origin of the stimulus to contraction, so 
that the auricles and ventricles contract absolutely or nearly syn- 
chronously. This atrio-ventriculare Automatie he considers to be depend- 
ent on the action of the vagus nerve. 

In conclusion, one may say that disturbances of the function of con- 
duction in the heart muscle are at least occasionally met with after infec- 
is diseases. They probably occur more often than is generally recog- 
nized, and are perhaps most frequently met in cases of the “rheumati 
series.” The disturbance may be either complete or partial. Complete 
lox s due in most instances to an organic lesion of the conduction 
bers, but may, apparently, be due in part to nervous influences. Partial 
lo s usually transient, and is probably due to the action of the vagus 
nerve on a poisoned myocardium. The prognosis depends chiefly on 
whether the underlving cause is organic or functional. 


Johns Hopkins Hospital 


IS. Tabora, von: Ztschr. f. exper. Path., 1906, iii, 499 
19. Belski Ztschr. f. klin. Med., 1909, Ixvii, 515 
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INTRODUCTION 


The bacteriological investigations of the last decade have s 


the Ebe rth-Gaffk) pac 


cveneral infection with fe 


ius 1s not 


ver. roseola 


the only organism which 


r eruption, enlarged spleen, 


tvmpanites and abdominal tenderness. Other bacteria, nam 


typhoid bacilli and gen 


rai intecti 


yn with the Bacillus co 


give rise to clinical manifestations difficult, if not impossible, 


entiate from true typhus 

Paratyphoid fever hi 
found to prevail whereve 
nfection DY the Bactllu 
een recorded. Paratyp 
ning a clinical course W 


others it is chiefly chara 


apaominall 
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wh tha 
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arrhnea, 


para- 


ommuntis, 


nas been 


is come to be important, because it 
r typhoid fever occurs. Epidemics of 
S communis” are very rare; Ol 
hoid fever is an acute infectious dise: 


hich reseml 
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les typhoid fever in som 


d arrhea resembiing choteri 
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ceneral 
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The mode of the infection is the same as in typhoid fever, but foo 
infection plays a more important role in paratvphoid type B than 1 
t phoid fever. 

Bacteriological investigations show paratyphoid ba is to be dis 
tinctly different from the Eberth-Gaffky bacillus. Achard and Bensauds 
were the first to recognize parat pnhoid fever as a different disease fron 
tvphoid fever and to discover a describe the organism, namil t } 
tvphoid bacillus. 

They reported two cases. The st was that of a ng woman pr‘ 
senting symptoms like those of mild typhoid fever; the temperat : 
only slightly elevated. but lasted ortv-six days Durin e entire 
course of the disease there was 1! Lleucocytosis, and the Wida te W 
alwavs negative. From the urine, taken under asepiic precaution " 
Dac illus was isolated whi ermented grape-sugar, yuut did not ( 

l. De Haan and De Jong | \ obreden Niedeelit ‘ 

2. Achard and Bensauc Infections paratyphoidique Bull. et mém. § 


méd. d. Hop. de Paris, 1896 
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late milk. Blood-cultures were always negative; the above-mentioned 
vacteria could not be isolated from the feces. The patient’s serum 
agglutinated only the bacilli which were isolated from her urine. Albu- 
minuria continued long after the pus disappeared from the urine and a 
diagnosis of pyelonephritis was made. 

The second case was that of a seven-year-old child, suffering with 
bronchitis and a high fever; the bronchitis subsided early in the disease, 
but the fever continued high until the twentieth day and then fell by 
lysis. 

On the thirteenth day a painful swelling developed over the right 
sternoclavicular articulation; there was a marked reddening and later 
fluctuation ; the swelling was incised and a small amount of pus which 
probably came from the joint was evacuated. Cultures from the pus 
showed micro-organisms identical with those isolated from the first case. 
Agglutination tests were not made. The micro-organisms isolated from 
both cases were short bacilli with round ends, ten or twelve flagella, and 
very actively motile. 

The growth on bouillon, gelatine and milk was similar to the 
Eberth-Gaffky bacillus; the growth on potato resembled Bacillus coli, 
but produced no indol; in glucose-bouillon showed gas-formation; lac- 
tose was not fermented. 

The serum of immunized animals agglutinated only this organism 
and had no influence on typhoid bacilli or Bacillus psittacosis. The 
organisms were not so virulent for laboratory animals as the Bacillus 
psittacosis. 

Millianne*® identified both cases as psittacosis infection. 

The Bacillus psittacosis was isolated in 1892 by Nocard* during an 
epidemic in Paris which resulted from the importation of several 
thousand parrots from South America suffering with the disease. The 
clinical picture of “psittacosis” is that of infectious pneumonia. Widal 
and Nobecourt® in 1897 described an organism which they isolated from 
an abscess in the neighborhood of the thyroid gland; this bacillus was 
the same as psittacosis except that it was not agglutinated with psittaco- 
sis serum. He named this Bacillus paracoli; Gilbert® suggested that this 


3. Millianne: Thesis, Paris, 1897 

$. Nocard and Leclainche: Maladies microbiennes, Paris, 1903. 

5. Widal and Nobecourt: Semaine méd., 1897, pp. 285 and 333. 

6. Gilbert and Fournier: Contribution a l’étude de la psittacose. Bull. de 


l’Aead. de méd., Paris, Oct. 20, 1896. Gilbert and Fournier: Le Bacille de la 
psittacose. Compt. rend. Soc. de biol., Dec. 12, 1896. Gilbert and Fournier: 
Etude sur la psittacose. Press. Méd., Jan. 16, 1897. Gilbert and Leon: Con 
tribution A l'étude des bactéries intestinales. Compt. rend. Soc. de biol., March 


13, 1893 
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bacillus takes a place half-way etween the Eberth-Gaffk in e 
Bacillus coli communis. The paracolon bacillus was agglutinated 
the patient’s serum in the dilution of 1:1,000. 

In 1898 Gwyn’ reported from Osler’s clinic a case w a ‘ 
ical symptoms of typhoid fever, from which he isolated a ba S n 
the blood which was similar to Widal’s paracolon bacillus; glucose was 
fermented by it, but lactose was not: the crowth on potato was the same 
as that of Bacillus coli. The patient’s serum agglutinated s ba S 
n a dilution of 1:200, but did not agglutinate typhoid na 1- 
tion of 1:5. His diagnosis was paratyphoid fever. 

In 1900 Cushing® described an organism whi e ca s O 
he isolated it from an abscess that formed at the junction of a rib and 
costal cartilage. The abscess developed after the patient recovered from 


an illness that probably was typhoid fever. The patient’s serum 


agglutinated tl 


is “bacillus O” in a dilution of 1:800 iultures 
showed very little difference from Gwyn’s paracolon bacillus. The serun 
from Cushing’s case did not agglutinate the Gwyn bacillus 
Schottmueller,® in 1900, reported a case similar to Gwyn's n 1901] 
he reported five more cases; one was a case of para A 
others ol para B. He calle the organism wi € isolate mara 
bacillus. His work was independent of Achard and Bensa of tl 


investigations he had no knowledge at that time. In 69 cases of fever 


accompanied by abdominal symptoms he found six to be cases of para 
phoid, that s about 4 per cent All of these paratvphoid cases occurred 
sporadically and the connection between them could not be found. Schott- 
mueller suspected that the germs were carried by the drinking-wat: 
Clinically it was impossible to ditferentiate thes« ses fro tyn d 





r dia scnot el d aes parat yhoid a hi nto two | f 
n the rst group show a continuous acid reaction in : ind 
DI tue n I = e g \ n 1 tne ( nd 0 t s ) 

7. Gwyn Infection with a Pat lon Bacillus in a case wit All the ¢ 
Features of Typhoid Fever. Bull. Johns Hopkins Hosp., 1898, i 

8. Cushing \ Comparative Study of Some Members of a Pathogenic G 
of Bacilli of the Hog Cholera or Bacillus enteritidis (Giirtner ype, Intermediate 
Between the Typhoid and Colon Groups; With a Report of a Case Resemblir 
['yphoid Fever, in Which There Occurred a Postfebrile Osteomyelitis Due to Su 
in Intermediate Bacillus. Bull. Johns Hopkins Hosp., 1900, p. 156 

9. Schottmuelle Ueber eine das Bild des Tvphus eter | 
hervorgerufen durch typhus-iihnliche Bacillen Deutsch. med. Wehnschr 1900 





p. 511. Weitere Mittheilungen iiber meh 


re das Bild des Tvphus bietende Kra 
heitsfiille, hervorgerufen durch typhus-iihnliche Bacillen Paratvphus Ztechy 


f. Hvg. u. Infections krankh 1901, p. 368 
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acid reaction, later alkaline, in litmus milk; the growth on potato is like 
Bacillus coli, forming a grayish-yellow coat. 

From his clinical experience, Schottmueller concludes that paraty- 
phoid is a milder disease with a more favorable prognosis than typhoid 
fever. Not one of his patients had a relapse. He states that the blood 
examination is of great value and that Widal’s test and examination of 
feces are always negative early in the disease. 

About the same time, and independent of Schottmueller, Kurth’? 
reported five cases of typhoid-like disease, which showed no Widal reac- 
tion. In one case he isolated from the feces, in another from the urine, 
a bacillus which was agglutinated by all the patients’ serum. This 
bacillus fermented grape sugar, produced no indol and did not coagulate 
milk. Kurth thought that this bacillus was related to the bacillus of 
Gartner. The majority of reported cases of paratyphoid diseases have 
been due to infection with the paratyphoid B bacillus; about a thousand 


f 


of such eases have been observed. 


REVIEW OF LITERATURE ON PARATYPHOID B 
The first epidemic of paratyphoid B fever reported oceurred at 
Saarbriicken, Germany, in 1902, and the cases were systematically inves- 
tigated by Conradi, von Drigalski and Juergens,‘! Hiihnermann,”* 
Priefer and Juergens.** Thirty-eight cases were observed in the Saar- 
briicken epidemic; at the same time there were twelve sporadic cases in 
the surrounding country. The bacillus was present in the feces of 
eighteen of the epidemic cases and in the feces of all the sporadic cases. 
All cases reported before the Saarbriicken epidemic occurred sporadically. 
Sometime later De Feyfer and Kayser’® reported a small epidemic in 
Eibergen. Holland; there occurred fourteen cases which ran a clinical 
course somewhat similar to typhoid fever. The diagnosis was made by 
agglutination tests only, using the patient’s serum and paratyphoid B 
bacilli. No attempt was made to isolate the organism from the blood. 


10. Kurth: Ueber eine Typhus-iihnliche, durch einen bisher nicht beschriebenen 
Bacillus (Bacillus bremensis febris gastrica) bedingte Erkrankung. Deutsch. 
med. Wehnschr., 1901, p. 501. 

11. Conradi, von Drigalski and Juergens: Ueber eine unter dem Bilde des 
Typhus verlaufende, durch einen besonderen Erreger bedingte Epidemie. Ztschr. 
f. Hyg. u. Infectionskrankh., 1903, p. 141. 

12. Hiihnermann: Bacteriologische Befunde bei einer Typhusepide mie. Ztschr. 
f. Hyg. u. Infectionskrankh., 1902, p. 522. 

13. Priefer: Aetiologie, Incubationszeit und klinische Krankheitserscheinungen 
bei einer Typhusepidemie. Ztschr. f. Hyg. u. Infectionskrankh., 1903, p. 23. 

14. Juergens: Zur Aetiologie und Pathogenese des Abdominaltyphus. Ztschr. 
f. klin. Med., Berl., 1904, Heft 2. 

15. De Feyfer and Kayser: Miinchen. med. Wehnschr., 1902, Nos. 40 and 42. 
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Beljaeff?® and Zupnik and Posner’? reported 9 cases, and Lentz'* 120 
cases Vagedes. ; IY iedel, Len bke. b. Fis her.’ Br on ana 


; 


Kavser2? Hetsch.24 Levy and Fornet®® hav reported a great numbe! 


hoid B fever. the diagnosis made by agglutination test 


eases ot paral p 


and recovering the ba is from the feces. From a review 0! all the 
paratyphoid B cases 1t appears that paratyphoid B ba lli can be solated 
from the stools without a! dificultv when Loeffler’s malachite-greet 
agar 1s used ; 1 s is In cont st to e dithe t ol ding the Kbert 
Gaffky bacillus in the stools The nvestigations of Conradi, von 
Drigalski ant Juergens ¢ ing the Saarbrucken epidemi showed that 

e bac is ma e foul e stools during the first week of the dis- 
ease: in some cases the ba = cannot be isolated from the feces, w! i 
other cases 1t 1s present 1 long time t a symptoms : 
eares | vane . e stools | ‘ 
Lent two and a alf and nine and a hall months atter a “Vinpt 

the dis ase had d sappeared Cases 1n which the paratyphoid B pacli- 
us is present for a long time after the disease, have no other bacteria 1n 

} ri} ! ! ew ‘ (A ! Bens I\ 


rit ) 
st } 





16. Beljaetl Leb« Paratyphuserkrankungen, Section Tur | 

iiserlichen Gesells« ift N ul l Ethnologue n Anthre« i 
Moskau Sitzung, Nov. 2, 1902 Centralbl Bakteri 10 5 

17. Zupnik and Posne \ [yphus ut Paratvphus. Pra ! \\ 
1903, Ne Is 

18. Lentz Ueber oni ‘ Klin. Ja ") 

19. Vagedes: P t isb ei einer M 
1905, p 517 

20. Fried Div Ivwphusuntetr ung La le in IN 
Regierung in Coblen Hyg -undschau, 1906, p. 521 

21. Lembke Eine Paratyphusepidemie im hreise I\reuzna Zits f. Me 
icinalbeamte, 1905, p. 233-242 

22. Fischer, B Untersu ingel be en Unterleibstyphus in 5 i] 
stein Klin. Jahrb., 1906, No. 1, p. 61 

»s Brion, A., and Nayse ul Neuere linisch-bacteriologische Erta ! 


it <« Arch. f. klin Med.. 1906, pp. 5: 55] 


bei Typhus und Paratyphus. D 
24. Hetsch: Choleraverdiichtige Brechdurehfallerkrankungen und ‘Todesi 
im Spreewalde (Kreis Kottbus) im Jahre, 1905. Nin Jahrb., 1907, p. 267 
25. Levy, L., and Fornet, W Nahrungsmittelvergiftung und Va 


Centralbl. f. Bakteriol., 1906, pp. 161-14 
hungen des Laboratoriums der lh 


°6. Friedel Die Typhusuntersuchung 
ung in Coblenz Hvge. Rundschau., 1906, p. 521 
27. Lentz, O Ueber chro e Typhusbacillentriiger Klin. Ja 105 
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Finding the paratyphoid B bacillus in the blood-stream is con- 
clusive evidence that it is the cause of the disease; recovering it from 
the feces only is a probable, but not positive indication. Of all the cases 
observed in Europe, in only a few was the blood examined for the 


0 


acillus: Jochmann, two cases ;** Korte,** one case; Rolly,®® two cases; 
Brion and Kayser** and Kayser,** three cases ; Ruediger,** three cases, and 
Schottmueller,®* four cases. 

The bacillus can be found in the blood during the first days of the 
disease. Schottmueller found it on the fourth, tenth and fifteenth days 
of the disease, Korte on the twentieth, Rolly on the seventh and ninth, 
and Brion and Kayser on the fifth, sixth and seventh days. During the 
Saarbriicken epidemic the paratyphoid B bacillus was isolated from the 
rose spots of four patients on the sixth, seventh and eighth days by 
Conradi, Drigalski and Juergens. 

The gall-bladder is the most favorable portion of the body for the 
growth of this organism, and in it the bacillus is harbored in those cases 
which show the bacillus present in the feces long after the subsidence of 
the disease. During life the bacillus has been found in the gall-bladder, 
in abscesses and in the lochia. Post mortem it has been found in the 
ventricular and spinal fluids, milk, heart-blood, tonsils, intestine, gall- 
bladder, spleen, liver and kidneys. 

Cases of mixed infection by typhoid and paratyphoid B have been 
reported by De Feyfer and Kayser, Conradi and Gaethgens;** they 
based their diagnosis on agglutination tests and stool examinations, but 
neglected to make bacteriological blood examinations and failed to carry 
he cultivation on various media as far as is necessary to make a differen- 
tial diagnosis. 

28. Jochmann, G.: Bacteriologische Blutuntersuchungen, Vortrag in der Sitzung 
d. med. Section d. schles. Gesellsch. f. vaterliindiche Cult. Referat, Centralbl. f. 
Bakteriol., 1903, p. 193. 


29. Korte, W.: Ein Beitrag zur Kenntniss des Paratyphus. Ztschr. f. Hyg. u. 
Infectionskrankh., 1903, p. 243. 

30. Rolly: Zur Kenntniss der durch das sogenannte Bakterium Paratyphi 
hervorgerufenen Erkrankungen. Deutsch. Arch. f. Klin. Med., 1906, p. 595. 

31. Kayser: Ueber die einfache Gallenréhre als Anreicherungsmittel und dis 


Bacteriologie des Blutes bei Typhus sowie Paratyphus. Miinchen. med. Wehnsclir., 
1906, No. 17. 

32. Ruediger: Sacteriologic Study of the Blood in Thirty Cases of Clinical 
Typhoid Fever. Tr. Chicago Path. Soc., Jan. 12, 1903. 

33. Schottmueller: Ueber eine das Bild des Typhus bietende Erkankung hervorg: 
rufen dureh typhus-iihnliche Bacillen. Deutsch. med. Wehnschr., 1900, p. 511. 
Weitere Mittheilungen iiber mehrere das Bild des Typhus bietende Krankheits 
fille, hervorgerufen durch typhus-iihnliche Bacillen (Paratyphus). Ztschr. f 
Hyg. u. Infectionskrankh., 1901, p. 368. 

34. Gaethgens, W.: Ueber einen Fall von Mischinfeetion von Typhus und Para 
typhus. Centralbl. f. Bakteriol., 1906, No. 5. 
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CLINICAL COURSE OF PARATYPIIOID B 


One-half the cases run a clinical course which resembles that of n 
typhoid fever: the other ha clink ally resemble Asiatic cholera Ot the 
typhoid-like cases, 50 per cent. start with headache, anorexia, malais 


and fatigue. which gradua grow more severe, so that the patient is 


compelled to take to bed from fourteen to twenty-one days after noticing 
he first symptom, the same as in typhoid fever. The others have a su 
den onset; if the patients are adults they are seized with a chill, w 


is followed bv a sudden rise of temperature to 40 or 42 C.. and some 


times vomiting; in chile 


] 
| 


ren the chill does not occur, but the onset is 
marked by convulsions. Herpes of the nose and lips may appear in thi 
first hour of the disease. Diarrhea is present throughout the illness in 
70 per cent. of the cases. The stools are dark brown, pultaceous, and 
have a peculiar odor. Feces never have the appearance of pea-soup. A 
roseolar rash appears the same as in typhoid; when abundant it is 
punctate, when scanty it is more macular. 

In some cases, those of sudden onset, the highest temperature is reg 
istered on the first day. When the onset is gradual the temperature- 
curve is similar to that of typhoid fever during the first three or fou 
days of the disease. The duration of fever after the fourth day is 
variable, anywhere from three days to three weeks, during which tim 
the temperature-curve shows daily oscillations of two or three degrees ( 
From the sixth to the twenty-fourth day of the disease, the temperaturs 


begins to recede by lysis, and about seven days later is normal. Som 


observers have pointed out, as an aid to differential diagnosis, that in 
tvphoid fever the enlarged spleen is usually palpable and soft, while in 
paratyphoid fever B the spleen is palpable in only 20 per cent. of t 

cases and is hard. The mortality of paratyphoid B fever cases which run 
a course resembling typhoid fever, is less than that of paratyphoid B 
fever cases which resemble Asiatic cholera and meat-poisonings; it is 


also less than the mortality of typhoid fever, but more than the mor- 


tality of paratyphoid A fever. During the Saarbriicken epidemic, 30 


cases, there were no deaths. Lentz reported 120 cases, with a mortalit 
or 3.2 pe r cent.: the mortalitv o paratvphoid B. choleri orm type, at 
the same time, was 9 per cent. The cases of paratyphoid B fever caused 


} 


by meat poisoning and some cases infected in other ways, are of t 
tvpe, which composes about one-half of all the cases of paratyphoid B 
fever. Clinically, this type of paratyphoid, cholera nostras and Asiat 
cholera, are identical; when the latter is prevalent cases of paratyphoid 
may be confounded with it. The correct diagnosis can be made only by 


1] 


vacteriologic examination schottmueller reported 5 eases. which he at 
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first thought were Asiatic cholera from the clinical picture; but he found 
the paratyphoid B bacillus and not the comma bacillus in the stools. 

A large epidemic of similar cases was observed by Hetsch in Kottbus 
and vicinity during the autumn of 1905. The course was pernicious and 
the clinical picture exactly like that of Asiatic cholera. The rice-water 
stools were fetid and contained mucus and paratyphoid B bacilli. Many 
similar cases have been observed and reported by Muehlens, and Kut- 
scher,** Vagedes, Friedel, Lentz and Rolly. 

The mortality of choleriform type of paratyphoid B fever is higher 
than in any of the other forms of paratyphoid. 


rABLE 1 POST-MORTEM FINDINGS IN CASES OF PARATYPHOID B 











| | | 
Reported Day of s : | gs Mesenteric 
by Disease. | Spleen. Intestine. Stomach. fmt 
Longcope..| 3 Enlarged.. Slightly elevated follicles) No change No change 
| in the colon. fromnormal.| from normal. 
Luksch.. ..| 12 Slight enlarge-/Mucous membrane dis--Mucous mem-| Enlarged and 
| ment. tended and pale. brane show-| reddish. 
ed a few hem-| 
| | | orrhages. | 
Jochmann. | 16 Swollen.. |Nochange from normal..|.No change)Swollen. 
| | from normal.| Blood con- 
| | Blood con-| tained para- 
tained para-| typhoid ba- 
| typhoid ba-| cilli. 
| illi. 
Vagedes ..| 2 Normal. |Marked swelling of Pey-| All organs and All organs and 
| ers patches; they con-| feces con-| feces con- 
| tained many paraty-) tained para-| saneee page 
phoid bacilli. typhoid _ ba- aes & 
eilli. | 
Brion and) 18 Slightly en-|\Uleerson sees’ s patches. Slightly en- 
Kayser. | larged. Many ulcers, some as larged and 
| | | deep as the muscularis, reddish. 
in the ileum, cecum, as- 
cending,and sigmoid f. 
’ : 
Rolly. 7 Slight enlarge-|Injected and edematous|)Mucous mem-No change 
ment. superficial ulcer above brane red, fromnormal. 
ileo-cecal valve. = swollen. 
Hetsch .../Several/Slightenlarge-|Acute inflammation of No change/\No change 
cases all| ment. |} small intestine. fromnormal., fromnormal. 
the same. 


PATHOLOGIC ANATOMY OF PARATYPHOID B 


Unquestionable cases of paratyphoid have been examined post-mortem 
by Longeope,** Lukseh,** Jochmann,** Vagedes,*’ Brion and Kayser,** 


35. Kutscher: Abdominal Typhus. In von Kolle and Wassermann’s Handbuch 
der pathogenen Microorganismen, Jena, 1906, p. 188. 
36. Longeope, W. T.: Paracolon Infection, together with the Report of a Fatal 


Case, with Autopsy. Am. Jour. Med. Se., 1902, p. 209. 
7. Lukseh, F.: Ein Beitrag zur pathologischen Anatomie des Paratyphus. 


Centralbl. f. Bakteriol., 1903, No. 34 
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tolly,°° Trautmann,** Drigalski,** Hetsch** and Kutscher; the findings 


in the cases of Longcope, Luksch, Jochmann, Vagedes, Brion and Kayse 


Rolly and Hetsch, are given in Table 1. The number of post-mortems 
have been too few to draw conclusions from. It is probable, however, 


that in this disease, as in typhoid fever, there is a characteristic patho- 
logical change in some of the organs. 


in m- 


In addition to the changes found in the spleen, intestines 


phatic glands in paratyphoid fever, there are parenchymatous and fatt 
othe I niec- 


changes in the liver, heart and kidneys, the same as in all 
tious diseases. (Trautmann, Drigalski and Kutscher.) 

A summary of the post-mortem findings in Table 1 shows a more 01 
less marked gastro-enteritis in all cases; in contrast to typhoid fever, 
changes in the lymphatic apparatus are only occasionally observ 
the Peyer’s patches are ulcerated in very few cases. In some cases the 
pathological findings are similar to those of dysentery. 

Infection with paratyphoid bacilli is through the 


tract. 


PARATYPHOID B BACILLUS AND THE ETIOLOGY OF FOOD-POISONING 
Research has established close relationship between paratyphoid B 
bacillus and the other bacilli*® which cause disease after the ingestion 


of infected food-stuffs. Meat-poisoning usually occurs after partaking 


of raw or slightly cooked meat, pudding or sausage. 


] 
| 


Large and small epidemics have been observed which showed different 


clinical courses. In most cases the onset is sudden, vomiting and di: 
rhea occurring immediately after eating the infected meat, other s) 
toms appearing six or twelve hours Jater. Occasionally symptoms do 
develop until two or three days after ingestion. Sometimes the diseas 


starts like cholera nostras and develops the clinical picture of that dis 


ease; about 30 per cent. of such cases show great weakness and ataxia 


\ few cases run a course similar to typhoid fever; the epidemi f 
Kloten belonged to this group. In others the disease is milder é 
symptoms suggesting a simple gastroenteritis. 

38. Trautmann: Der Bacillus der Diisseldorfer Fleischvergiftung und dic 
wandten Bacterien der Paratyphusgruppe. Ztschr. f. Hyg. u. Infectionskrankh., 
1903, p. 139. 

39. von Drigalski: Ueber eine durch Genuss von Pferdefleisch veranlaste 
\Mlassenvergiftung, Beitrag zur Aetiologie der Fleischvergiftung lest u R 
Koch’s 60th Geburtstag, 1903, p. 409. 

40. Nearly all diseases resulting from eating infected food are caused by eithet 
paratyphoid B bacillus or the Bacillus enteritidis of Giirtner; a smal] proportion 
are due to an anaerobic organism, very different from the Para B bacillus and 


Bacillus enteritidis, the Bacillus botulinus von Ermengem 
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PARATYPHOID A AND PARATYPHOID B 


here are two etiologic factors in the acute gastric forms. In addi- 
tion to the bacteria, there are the toxins formed by them before and 
after entering the stomach. ‘Those belonging to this group are primarily 


cu 0 ntoxication, and the sudden onset of choleriform svmptoms are 


‘ e to the toxins, 


Che svmptoms usua observed are diarrhea, fetid, vellow ejections, 
toxic albuminuria, herpes, roseola, urticaria and multiple hemorrhages 
n the skin. Relapse seldom occurs, convalescence is slow: the mortality 


Meats which earrv this disease are obtained from animals that were 
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by the paratvyphoid B bacillus. Noble’s investigations have been con 
i | : 

firmed by B. Fischer.** Trautmann,** Boehme,** Uhlenhuth,*® Vagedes 
Kutscher and Meinike.* 


TABLE 2 CASES OF MEAT-POISONING, DIVIDED INTO GROUPS ACCORDING 
rO ETIOLOGY 


Group 1 Group 2 

Caused by Bacillus Enteritidis (Giirtner Caused by Para B Bacillus 

Epidemik Observe! Epidemic Observer 
l’'rankenhausen . .Giirtner. Gaustad . Holst 
Moorseele Van Ermengem Berslar Fluegge & Kaenscl 
Gent -Van Ermengen Posen . Guenther 
Brueggt . De Noble Hatton Durham 
Brussel De Noble Chadderto: Durham 
Willbrock -De Noble Sirault Herman Van Ermengem 
Rumfleth . Fischer Aertyk De Noble 
Haustedt . Fischer Meirelbeck De Noble 

The organism which caused all the cases in the second group, namec 


by different observers mouse-typhus bacillus (Loeffler), hog-cholera ba 
lus and Bacillus psittacosis (Nocard), has been proved by cultural and 


immunisatoric tests to be the paratyphoid B bacillus. 


At the present time the consensus 0 


tioned observers is that the majority of all cases of food-poisoning ar 


opinion of the previously men- 


caused by the paratyphoid B bacillus. 
The reported epidemics since 1900 have all been caused by the para- 


> 


tvphoid B bacillus; they are given in Table 3: 


rABLE 3 EPIDEMICS SINCE 1900 

Epidemik Reported By 
Diisseldort Trautmann 
Kiel .B. Fischer 
Berlin ..Kutscher 
Frankfurt a.M. Hospita . Bingel 
Virchow Hospital (Berlin 
German inft. regt. 160th . Marx 
Neunkirchen Drigalski 
Greifswald . Uhienhuth 
Halle Liefmann 
German Man of War (Blitz Rugge & Rogge 

Meat was the principal but not the onl oodstuff which carried the 


disease in those epidemics. 

The serum from all the cases agglutinated not only the bacillus iso- 
ated from the patients, but also all other cultures of the paratyphoid B 
vacillus, in high and low dilutions. 


The last six cases in Table 3 occurred during the year 1908. 


43. Fischer. B.: Zur Aetiologie der Fleischvergiftungen Ztschr. f. H ul 
Infectionskrankh., 1902, p- 447 

44. Boehme, A.: Weiterer Beitrag zur Characterisirung der Hog Choler 

Paratyphus) Gruppe. Ztschr. f. Hyg. u. Infestionskrankh., 1905 


15. Uhlenhuth: Zur Kenntniss der gastrointestinalen Fleischvergiftungen ur 
der biologischen Eigenschaften ihrer Errege von Leuthold Gedenkschr., 1906 
p. 71. 

16. Kutscher and Meinike: Vergleichende Untersuchungen iiber Paratyphus 


Enteritis und Miiusetyphusbacterien und ihre immunizatorischen Beziehunger 
Ztschr. f. Hyg. u. Infectionskrankh., 1906, p. 301 
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REVIEW OF LITERATURE ON PARATYPHOID A 


It is the prevailing opinion that paratyphoid A is an uncommon dis- 
ease and of minor importance, because so few cases of the disease have 
been recognized. Chiefly through the efforts of Koch, during the last 
few years a great many systematic studies of typhoid and typhoid-like 
cases have been carried out in Germany. The majority of those inter- 
ested in that work believe that paratyphoid B occurs frequently, but that 
typhoid cases are more numerous. They think that the number of cases 
of paratyphoid A are few and of little importance. Kayser believes that 
paratvphoid A fever is an important disease, worthy of more attention 
than has been given it in the past. 

If typhoid and typhoid-like cases were studied in America as they 
are in Germany, we believe that paratyphoid A fever would be found 
to occur much more frequently than paratyphoid B, and the number of 
cases would be found greater than is imagined at present. A review of 
the American literature on paratyphoid fever shows that nearly all the 
reported cases belong to Group A. Cases of unquestionable paratyphoid 
\ fever have been reported in the United States by the following: 
Gwyn’? (1898, 1 case), Cushing*® (1901, 1 case), Coleman and Buxton* 
(1902, 1 case). Johnston**® (1903, 2 cases), Hewlett*® (1903, 2 cases), 
and Allen*® (1903, 2 cases). It is remarkable that in 1908-09 we found 
n the Allegheny General Hospital over 50 cases of paratyphoid A fever,*° 
about 200 cases of typhoid fever, but not one case of paratyphoid B. 

In Germany the following have reported cases: Schottmueller® (in 
1900, 1 case A, in 1901 one case A, and 5 cases of B); in 1901, Brion 


and Kayser*! (1 case paratyphoid A); Kayser®? (2 cases A) ; and Rolly 


17. Coleman, W., and Buxton, B. H.: Paratyphoid Infeetions with Report of a 
Case Clinically Identical with Typhoid Fever in Whose Blood Paratyphoid Bacil 
lus Was Found. Am. Jour. Med. Sc., 1902, p. 976. 

iS. Johnston, W. B. Paratyphoid Fever; Report of Four Cases; Analysis of 
All Reported Cases. Am. Jour. Med. Se., 1902, p. 187. 

19. Hewlett, A. W.: Report of a Case of Paratyphoid Fever. Am. Jour. Med 


Se., 1902. Allen, H. W.: Paracolon Infections, with Report of Three Cases. Am 
Jour. Med. Se., 1903, p. 96. 

50. Proescher, F., and Roddy, J. A.: \ Report of Forty-eight New Cases of 
Paratyphoid Fever, Type A, Jour. Am. Med. Assn., 1909, lii, 470. 

51. Brion, A., and Kayser, H.: Ueber eine Erkrankung mit dem Befund eines 
typhusiihnlichen Bakteriums im Blute (Paratyphus). Miinchen. med. Wehnsehr.. 
1902, No. 15. 

52. Kavser, H Bakteriologischer Befund bei einem weiteren Fall von Para 
typhus des Brion-Kayser’schen Typhus <A Centralbl. f. Bakteriol... 1905-1906 


p- PSD 























FE. PROESCHER—J 1. RODDY 5 


1 case of paratvphoid A fever in 1906, Netter®* reported 17 cases in 
France, but he did not examine the blood and it is doubt vhet 
the bacilli were A or B 
Strong®* and Hun reported cases in 1902 as paratyphoid A, 
the bacilli produced indol and were not agglutinated by para A serun 
R. Kasuya is said to have reported a case of paratyphoid in Japan in 


] 


1908, but we have been unable to obtain his report or cultures 

Cultures from eleven cases, isolated by other investigators, whose 
names follow, were obtained from Krai of Prag, and have been studied b 
us: Gwyn, Cushing, Coleman and Buxton, Hewlett, Johnston (patients, 


Milefsky and Badach), Allen (patients, Samuels and Euster). Schott- 
mueller (patients, Barg and Mueller), Brion and Kayser. A summary « 
the clinical course, bacteriological findings and agglutination results 


these 11 cases is here given. 


The prodromal period lasted from three to twenty-four days, averag 


13 days. The onset was abrupt in 35> cases: in others it was gradual, but 
not so long as for typhoid fever. Ten patients were males, two females; 
one was a negro and one a negress; all the others were Caucasians. The 
patients’ ages ranged from 16 to 46 years; two were under 20 years, 


two were in the fourth and one in the fifth decade; the rest were in the 


third decade of life. The duration of fever was from ten to twentv-eight 


1 


days; average duration eighteen days. Two patients had relapses which 
set in after the temperature had been normal for one week, the relaps« 
lasted for ten davs in one and fourteen days in the other cas One 
patient had three fever periods of ten, fifteen and sixteen days’ durat 
etween which were two periods of seven davs eas when the tempe 


ture was normal and symptoms absent None of the patients had 


had tvp oid or paratvphoid before 


Initia Symptoms, Headache and general malaise were th st 8} )- 
toms in all but one case: soon afterward, anorexia developed: half 
them had vomiting: 3 developed coryza,. 4+ were conscious of fever: 2 
complained of alternating chilly and feverish sensations: on id CO 
and white mucous expectoration, one acid eructations and vaginal dis 
charge. One case with abrupt onset started with pronounced 
and sweat. Five patients were constipated, five had mild diarrhea, at ! 
two the bowels were norma! 


53. Netter, M. M. A Quatriéme série d'infections paratyphoidiques 2 “ 


nouveaux). Compt. rend. Soc. de biol., 1905, p. 501 
54. Strong Paracolon Bacillus Bull. Johns Hopkins Hosp., 1905, p. 501 
55. Hume \{ New Pathogenic Bacillus Isolated from a Case Diagnose 3 


yphoid Feve1 The Thompson-Yates Laboratories Rep., 1902. iv, 2 
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Clinical Course.—All the patients were constipated except one, who 
had from three to five greenish, watery evacuations daily for twenty days. 
In the majority the tongue was coated uniformly with a thick grayish- 
white fur and was moist. ‘Two had typical typhoid tongues; one had a 
dry, reddish-brown, glazed and fissured tongue. One patient had pharyn- 
gitis and one had bronchitis. Dicrotic pulse was noted in only two cases. 

Of these 11 patients, 6 had slight abdominal tenderness; one had 
tvmpany and distention. The spleen was large and palpable in 10 out 
of 11 cases. The liver was slightly enlarged in 4. Half of the patients 
showed slight albumin in the urine. A roseolar rash appeared on 10 out 
of 11 patients; the individual rose spots were similar, but not as many 
as in cases of typhoid fever. 

The Widal tests were always negative; the diazo reaction was positive 
in three cases. The average temperature during the height of the dis- 
ease was between 101 and 102 F.; pulse 80 to 90. The highest tempera 
ture recorded in most cases was 103; one patient when admitted had a 
temperature of 105, which fell several degrees in a few hours. All cases 
ended by lysis, which was preceded in two cases by a pseudocrisis. 

Complications developed in 4 cases; 2 patients had delirium for sev- 
eral days; one had cholecystitis and lobar pneumonia, and two patients 
had intestinal hemorrhages. Convalescence was rapid and recovery com- 
plete in all cases. 

Cushing’s case differs from the rest in being purely surgical and 
treated as such. Culture taken from the wound showed only one kind of 
organism ; it fermented glucose and did not coagulate milk. 


OGCURRENCE OF PARATYPHOID A BACILLI 


Paladino-Blandini*®* isolated a bacillus which he believed was the 
paratyphoid A bacillus, from spring-water, used for drinking purposes in 
an Italian village where typhoid-like cases of fever occurred. 

During the three months when the greatest number of cases of para- 
tvphoid fever occurred in Pittsburg, water was taken from the Allegheny 
and Monongahela rivers at different points in the city and suburbs daily ; 
n all that time neither typhoid nor paratyphoid bacilli were found in it. 

Morgan** states that he found paratyphoid A bacilli in the feces and 
scrapings from the mucous membranes of the small intestines of healthy 


guinea-pigs, rabbits, pigs, sheep and horses. The organisms isolated and 


56. Paladino-Blandini: Contributo alle conoscenze sui paratifi. Ann. d’ig spe 


1903, xv, 159. 
57. Morgan, H. de: Some Observations on the Micro-organisms of Meat 
Poisoning and Their Allies. Brit. Med. Jour., 1905, p. 57 
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Litmus whey, according to Schottmueller, and Brion and Kayser, 
after fortv-eight hours is turned rust-red, remains acid and does not 
come cloudy; Blumenthal, Coleman and Buxton observed a slight 
cloudiness of litmus whey, with reaction always acid. 

\llen and Gwyn experimented with litmus milk,®* and observed slight 
acidifving during the first twelve hours, at the end of the first week 
the acidity started to decline and after ten days the litmus milk showed 
same reaction as control. ‘Two weeks later they observed distinct alkalin- 
tv. This terminal alkalinity was observed, but only once. with cultures 
from one of Johnston’s cases (Milefsky) and Cushing’s case. 

\gar smears show a very thin, grayish-white, transparent growth, 
ndistinguishable from that of typhoid bacilli (all observers). 

On Drigalski agar blue colonies, similar to typhoid, develop (Brion 
and Kavser and Blumenthal). 

Neutral red agar containing grape sugar is fermented and becomes 
fluorescent (Schottmueller. Blumenthal and Brion and Kayser). 

Grape sugar is fermented, with gas and acid production, also maltose 
and dextrose. Cane-sugar, milk-sugar and starch are not fermented 
(Schottmueller, Brion and Kayser, Allen, Cushing and Gwyn). 

On potato there develops a barely visible moist, clistening growth 
(Blumenthal, Coleman and Buxton, Johnston and Schottmueller). Cush- 
ng describes the growth on potato as pale yellowish colored. 

Indol production could not be detected by Schottmueller, Brion and 
Kayser; and Hewlett, Cushing. Allen and Johnston (in the case of 
Milefsky) observed slight indol formation. 

The cultures of reported cases of paratyphoid A which we obtained 

m Kral, of Prag, all show the same characteristics as our paratyphoid 
\ cultures, Pittsburgh. The cultures obtained from Kral were the fol- 
and Mueller), Brion and 


’ , . { , 
} cases: Schottmue ers (Cases oO Barg 


58. Litmus milk is an undesirable medium to use for the study of the para 


phoid bacilli, and para A cannot be differentiated from other bacilli by its 
growth in litmus milk. When paratyphoid A bacilli are grown in milk, after a 
time the reaction of the medium becomes very variable There is a possibility 


that during the time para A bacilli are being cultivated in milk, changes in the 
casein, independent of the presence of the para A bacilli, produce alkaline prod 
ucts which cause the terminal alkalinity and give rise to error; therefore, it is 
probable that the variations of the cultures of Allen’s and Cushing’s cases 
ind one of Johnston's (Milefskv). observed when thev were cultivated in 
litmus milk were only apparent and not real, the error being due to the use of an 
unreliable medium. Experiments made by us with cultures of bacteria from these 
same cases and most carefully prepared litmus whey all resulted the same, show 


ing constant acid reaction and the litmus whey always clear, after weeks’ incuba 


tion 
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KXavser’s, Coleman and Buxton’s, Cushing’s O, Hewlett’s Case 7, Johns- 


ton’s (of Milefskv and Badach), Gw n’s, Allen’s (cases f Kuster and 


AGGLUTINATION TESTS MADE BY VARIOUS INVESTIGATORS 


The results of agglutination tests made by the different authors w 


have reported cases of paratvphoid fever A are not comparable, becaus 


the techni used by them was rare the same, and very few of their con 
munications mention or explain the method pursued: serums of hig] 
mmunized animals was seldom used: and even the tests made with th 


patient’s sera were not carried on to the titer limit in some cases. The 


following abstracts from the reports of eases contain practically all th 
information given by their authors concerning agglutination tests 
Gwyn isolated the bacillus from his patient’s blood at different times 


} 


during the course of the disease and the patient’s serum agglutinated in a 


lution of 1:200, which was the limit of the titer: this serum would not 
agglutinate tvphoid bacilli, but agglutinated two colon ba is cultures 
in a dilution of 1:50 and 1:60: however. these same colon ba s cul- 
tures were also agglutinate normal heatt! s¢ na er d - 


(which was a paratyphoid \ ba lus); the patient’s serum agglutinated 


t in a dilution of % to 2 in two hours. The serums of five healthy per- 
sons did not agglutinate the ba us In a dilution of 1:10. A ra t was 

! nize wit og 0 i ( ts se m aggiutinated = and 
og- lera bacillus in a dilution of 1:5,000. 

Bacilli taken from Schottmueller’s two patients. Mueller an } 

e m iffected the se i tvpholid patient: both ¢ f ere 
aggiutinated equa na < tion of 1:100 of serum taken fro Mueller 
on the forty-third day of the diseas Serum taken from a paratyphoid 


B patient (Koecher) did not agglutinate the culture from either Mueller 


Ol Bare. ] e serum ot anot ara B pat ent, Dr Ix . ad no ettect ¢ 


59. Two cultures obtained from Longeope showed the san 
the other para A cultures 

60. The results obtained by Cushing are remarkable in that we find it impos 
sible to repeat them. A complete examination of this bacillus made with the 
greatest of care, and employing all the known means of identification, described 
in another part of this work, prove the organism isolated by Cushing, and 
named “bacillus O,” to be a typical paratyphoid A bacillus; whereas his result 


would put it in the paratyphoid B group 
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Krenzin, Thot and Seemann, caused group agglutination of both cul- 
tures, in the dilutions of 1:100, 1:50 and 1:100, respectively. Paraty- ‘ 
phoid A serum taken from Mueller caused group agglutination of the 
para b; cultures taken from patients Krenzin, Thot and Seemann in a 
dilution of 1:100; the same serum also agglutinated Bacillus coli in the 


same dilution. 


The serum taken from Hewlett’s patient agglutinated the bacillus 


Noonan in a dilution of 1:100, but would not agglutinate the Eberth- 
Gaffky bacillus in a dilution of 1:10. The serum of a guinea-pig immun- i 
ized with the bacillus Noonan agglutinated bacillus Noonan in a dilution 
of 1:5,000; also Gwyn’s “paracolon,” Schottmueller’s A and one of 
Johnston’s cases (Badach) in 1:5,000; Cushing’s “O” and one of Johns- 
ton’s cases (Milefsky) 1:500, and Coleman and Buxton’s Case 7 1:100. 
It would not agglutinate Schottmueller’s B, Kurth’s para B, bacillus 
Strong, Eberth-Gaffky or coli communis in a dilution of 1:20. 

The bacillus isolated from Brion and Kayser’s patient was agglu- 
tinated by the patient’s serum in a dilution of 1:1,000; this serum had 
no effect on the typhoid bacillus. 

The serum from one of Johnston’s cases (that of Milefsky) agglu- 
tinated bacillus Milefsky and bacillus Badach in a dilution of 1:50. This 
serum had no effect on the typhoid bacillus, Bacillus cholere suis, Bacillus 
enteritidis or the colon bacillus. 

Rolly’s patient’s serum agglutinated the isolated organism and other 
paratyphoid A cultures in a 1:500 dilution, and caused group agglutina- 3 
tion of paratyphoid B bacillus in 1:250; also typhoid 1:50. < 

The bacilli taken from both Allen’s patients, Samuel and Euster, were 
agglutinated in a dilution of 1:100 by serum taken from Samuel; Gwyn’s 
and Johnston’s cultures were agglutinated in 1:50, and typhoid bacillus i 
1:10 by the same serum. Euster’s serum agglutinated his own bacillus in 
a 1:200 dilution, Samuel’s 1:200, that of Gwyn’s patient 1:50, that of 
both Johnston’s 1:100 and typhoid bacillus 1:10. 

VIRULENCE OF PARATYPHOID A BACILLUS 

lhe virulence of the different A cultures was measured by the quan- 
tity of a 16-hour-old bouillon culture required to kill a white mouse in 
twenty-four hours; and the lethal doses were: Gwyn’s case, 0.2 c.c.; Cole- F 
man and Buxton’s, 0.2 ¢.c.; Cushing’s O, 0.2 ¢.c., and case of Samuel, ; 
0.2 c.c.; ease of Badach, 0.5 ¢.c.; Brion and Kayser’s case, 0.5 ¢.c., and 
ase of Euster. 0.5 e.c. 

f 
¢ 
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DESCRIPTION OF PARATYPHOID A BACILLUS, PITTSBURGH 

This is a very motile, short bacillus, with rounded ends, some tl 
others slender, occasionally occurring in chains. The average length of 
a stained specimen is 2.07 microns, being shorter than the Bacillus ¢ 
which is 2 to 4 microns, and the Eberth-Gaffky bacillus, which averages 
2.8 microns. The motility, especially of organisms recently taken from 
a patient’s blood, is rapid and darting, in contrast to Eberth-Gaffky and 
the colon bacilli, which have an undulatory motion, and are much slower 
in motion. The activity is due to six or eight lateral flagella. Motility 
is greatest in bacilli fresh from a patient’s blood; those taken from cul- 
ture media are less motile; the motility decreases every day during their 
growth on artificial media. Positive microscopic differentiation of para A 
from Eberth-Gaffky bacilli is possible only occasionally in fresh specimens 
The alkalinity and other unknown properties of culture media caus 
that 


changes in the appearance of para A bacilli grown on them s 
organisms cannot be distinguished from Eberth-Gaffky bacilli. 
With the usual basic aniline dyes, in aqueous and alcoholic solutions, 
the para A bacillus does not stain deeply ; but on the addition of an alka- 
line or pheno] mordant the staining is deep. It is Gram-negative. All 
bacteria taken from gelatin and potato cultures show granular staining; 
this is occasionally observed in bacteria immediately after they have 
been isolated from the human body. All the bacilli of the typhoid-coli 


group stain the same way. 


GROWTH OF PARATYPHOID A BACILLI ON VARIOUS MEDIA 


Para A bacilli grow best on slightly alkaline or neutral media at 
37°C. They will grow without any change, but more slowly, at 
temperatures down to 20 C., multiplying equally well under aerobic o1 
anaerobic conditions. 

After a few hours’ growth in slightly alkaline bouillon there is a faint 
homogeneous clouding of the medium, just as occurs with the Eberth- 
Gaffky bacillus; a scanty flocculent sediment is precipitated. Scum 


formation occasionally develops in bouillon cultures cultivated for a | 
time, forty-eight cultures incubated for several months showed a scum on 
sixteen. Para B bacilli make bouillon more cloudy and cause a heavier 


precipitate ; scum formation is about the same. 


Litmus whey, after ten hours’ growth of para A bacilli, is turned a 
deep red and remains red and clear permanently; Eberth-Gaffky bacil 
cause the same change, but in a less marked degree. Para B bacilli turn 
litmus whey red and cloudy in two or three days; about three weeks lat 


it again turns blue and thereafter remains blue and clour 














282 PARATYPHOID A AND PARATYPHOID B 


Milk is unchanged by para A during first four or five months, remain- 
ing acid; after that time the reaction is variable, maybe slightly acid, 
amphoteric or alkaline. In eight or nine months the milk becomes 
clear, precipitates a granular sediment, turns orange-color and with the 
change in color becomes alkaline in reaction. After filtration, 100 c.c. 
are neutralized by 12 c.c. of decinormal sulphuric acid. Milk containing 
para B bacilli after incubation for fourteen to twenty days shows slight 
clearing without any precipitate, and when filtered 100 c.c. are neutral- 
ized by 10 c.c. decinormal sulphuric acid. The transparency of the milk 
caused by growth of para A and B bacilli seems to be due to a change in 
the casein. It is not due to saponification of the fat; a temperature 
of 37 C. and the slight alkalinity are not sufficient to cause saponification. 
After many months’ growth in milk eighty different cultures of typhoid 
bacilli were not affected in any way and showed no change. 

In litmus milk-sugar, crystal-violet agar (Drigalski-Conradi), para 
A forms slightly elevated, round and oval colonies, some with regular 
and others with lobulated edges, bluish color and finely granular or 
smooth and sometimes lineated surface. The growth of para B and 
Eberth-Gaffky bacilli on this medium show same appearance as para A. 

On Barsikow’s nutrose sugar (grape and milk) litmus, para A acts as 
follows: One per cent. nutrose milk-sugar litmus is turned red and 
remains clear; in 1 per cent. nutrose grape-sugar litmus a raspberry-col- 
ored, flocculent precipitate falls to the bottom and the fluid remains clear. 
Para B bacilli produce the same changes in these media. Typhoid bacilli 
grow in them without causing any change; Bacillus colt coagulates both. 

Indol formation either in bouillon or peptone water could not be 
detected by the extremely sensitive dimethylamidobenzaldehyde test. 

On blood-agar the growth is like that of para B and typhoid bacilli; 
forty-eight hours after planting, dark green pin-head-sized colonies 
appear deep in the medium; on the surface there are linseed-sized colonies 
which are mouse-gray color. 

Agar, slightly alkaline, smear cultures, after ten to fifteen hours, show 
a dull grayish-white surface, with cloudy condensations of moisture on 
the glass which cannot be distinguished from that formed by Eberth- 
Gaffky bacilli, para B show a thicker growth and more cloudy water of 
condensation. 

Endo agar (fuchsin-sulphite agar) is not changed by the growth of 
para A bacilli which form colorless colonies as do para B and typhoid 


bacilli. On this medium Bacillus coli communis forms red colonies. 
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On malachite green agar para A forms small, round glassy, milk- 
cloudy colonies which are surrounded by a yellow ring; para B colonies 
have the same appearance, with the exception that the yellow ring which 
surrounds them is thicker and more marked. The growth of Eberth- 
Gaffky bacilli on this medium cannot be distinguished from that of para 
B bacillus; Bacillus coli communis rarely grows on this medium; occa- 
sionally a few atypical colonies which resemble the growth on para B 
are observed. 

Neutral red agar containing 1 per cent. grape sugar is fermented and 
changed to a yellowish fluorescence by both para A and B. ‘Typhoid 
bacilli cause the same change, but in a less marked degree. Para B 
bacilli turn litmus whey red and cloudy in two or three days; about three 
weeks later it turns blue and thereafter remains blue and cloudy. 

On gelatin plates three or four days after planting, round and oval 
colonies appear ; they have sharp edges, are 20 to 30 microns in diameter 
and have an uniformly granular surface; the growth of the para B 
bacillus on this medium is just the same. 

Gelatin slant tubes of para A after ten or twelve days show a thin 
transparent, dull white film, just like the Eberth-Gaffky. Para B forms 
a thick wedge-shaped growth with the base of the wedge at the bottom 
of the tube; it looks like porcelain. 

Gelatin stab cultures of para A in ten or fifteen days develop a dull 
white growth around the stab, which looks like a cylindrical brush made 
up of fine closely set bristles of slightly irregular lengths. Gelatin stab 
cultures of para A cannot be distinguished from those of para B and 
typhoid. Colon bacilli liquefy gelatin. (See Photos Nos, 1-4.) 

On potato para A forms an invisible growth like the Eberth-Gaffky 
bacillus, and the growth is not affected by either acidity or alkalinity. 
Para B forms a thick yellowish-brown growth like Bacillus colt communis. 
Conradi, Juergens, Drigalski and Korte state that the growth of para A 
on potato is either invisible or only slightly visible. Schottmueller and 
Bruck describe it as being similar to the growth of the Bacillus colt. Pos- 
sibly the difference in these observations is due to variations in the 
different organisms cultivated. 

On lactose and glucose Bacilli coli communis produce strong acidity, 
para A and typhoid bacilli much less. Para A and Eberth-Gaffky bacilli 
form about the same amount of acid on glucose; on lactose they form 
the same amount during the first two days; after that the typhoid bacilli 
cause less acidity than the para A, probably because of the development 
of an alkaline substance by the typhoid bacilli. 
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FERMENTATION OF CARBOILYDRATES AND ALCOHOLS BY PARATYPHOID A 


BACILLI 





, paratyphoid and colon baci can be differentiated by thei 


wth on carbohvdrates and alcohols, but para A cannot be distinguished 


" paratyphoid (Eberth-Gatfky) bacillus does not 


— — 
erment any of the earbohvdrates or aleohols. Bacillus « COmMmMUNIS 


} | } } 
{ 
| 


erments all the carbohydrates xcept ratlinose, amyvlum and inulin. 

he disaccharids, lactose and saccharose are not fermented by eithe 
para A or B; maltose is not fermented bv para A. but some cultures of 
para B cause slight fermentation 


Raflinose is not fermented by either para \ or para B. 


\rabinose is fermented by all the para A and B bac li, except para A 


Pittsburgh numbers 163 and 164, and para B Longeope and Philadelphia. 
X\vlose is fermented by verv few cultures of A and B: most of them 
cause no termentation 
Of the hexose group, considerable fermentation of glucose and 
!-fructose is cause yv all the para A and B ba On 1 few cultures 
lerment -manose and valactose il ) little vas 1s ormed 
lhe polvs : mand n are not fe enter ext 
strongly ferment \ the tures ira A and B 
| thre x { i vy ind ft - 
(tetratomic) ale vt é I mented by para A B 
Ot the six-hvdroxy exXa g p, mar ss ng erment 
va soduleit is weak ! t is slight - 
; ‘ ] ; Q 
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rhis preliminary testing of the bouillon before adding the carbohydrates and 
alcohols is essential, because experiments with different samples of plain bouillon 
have shown that some of them contain a substance fermented by paratyphoid 
bacilli. What the fermentable substance is we do not know, but do not believe it 
is glycogen, because muscle-sugat disappears shortly after an animal dies, and the 
means from which the bouillons are made had been in the refrigerator for several 
weeks. Escherich and Pfaundler have studied this fact for several years and state 
that the substance in plain bouillon, which ferments, is grape-sugar; our experi 
ments seem to disprove this. Whatever the substance is, we know that it occurs 
in some, but not in all samples of plain bouillon; that it is fermented by yeast 
and paratyphoid bacilli; that its presence in some of the bouillon used for exper 
ments with paratyphoid bacilli by various investigators has been the cause of dis 
crepancies in their findings; that it can be entirely removed from bouillon 
fermentation with yeast, and that such preliminary fermentation will exclude t 
probability of misleading and erroneous results 


ACID PRODUCTION BY GROWTII ON SUGAR 


Quantitative and qualitative tests of acid which result from the 


crowth ol paratypl id A, Eberth-Gaffk , and coli bacilli were made ~ the 
technic as follows: 
To slightly alkaline bouillon 4 per cent. of grape or m sugar was 


added, the alkalinity of the bouillon estimated by titration with 
dredth normal sulphuric acid. The acidity of the bouillon, after the 
crowth of bacteria in it, was estimated by titration with hundredth nor- 
solution, using phenolphthalein as indicator. Our 


mal sodium hydroxi« 


results are shown in Table 4. 


TABLE 4 ACIDITY OF BOUILLON AFTER GROWTH OF BACTERIA 


STERILE BOUILLON, WITH 4 PER CEN GRAPE-SUGAR ADDED; ALKALINITY ESTIMATI 
PiTRATION WITH 16 C€.C. CENTINORMAL SULPHURK ACID; WITH 4 PER CEN’ 
MILK-SuGar, ALKALINITY ESTIMATED BY TITRATION WITH 15.5 c.c. C1 
NORMAL SULPHURIC ACID; ACIDITY AFTER GROWTH OF BACTERIA 
ESTIMATED By TITRATION WITH CENTINORMAL POTASSIUM 
HYDROXID ; PHENOLPHTHALEIN AS INDICATOR 





Coli B Coli B Para A Para A Cyphoid ryt ! 
Grape-S Milk-S Grape-S Milk-S Grape-S Milk-S 
7/30 64.6 ) 54.0 52.6 3.4 87.4 
7/31 66.4 f 7.0 9.2 8.6 25.0 
XN 1 66.0 2.8 62.4 28.0 61.4 1.0 
S 2 65.8 57.0 64.6 2.0 ys &.0 
Ss , 68.0 60.0 61.0 24.8 ¢ 7 & 
s 4 65.8 7.6 60.0 26.2 19.2 
S 5 60.6 0 64.0 21.0 4.2 { 
S/ 6 67.0 61.2 63.0 17.0 58.0 1s 
S 7 69.0 ‘ yo 61.8 0 62.4 ‘ 
So few cases of paratvyphoid A have been reported i 
sible to say at this time whethe can be differentiated cult 
para B. There is no characteristic difference in the growth of par \ 


and para B on agar, Drigalski-agar (Figs. 5 to 8), endo-agar, met 
rreen agar, neutral-red agar, potato, nutrose-lactose- 


rape-sugar-litmus. In lb n the paratyphoid A ba Is gene 
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causes slight cloudiness, but the difference is too slight to be a distin- 
guished factor ; both cause the same scum formation. 

There is no marked difference in the fermentation of the various 
carbohydrates and alcohols, the slight variations being quantitative, not 
qualitative. The only cultural differences are shown in milk and litmus 
whey. Milk containing paratyphoid A is unchanged after standing for 
five months, while milk containing paratyphoid B bacilli becomes trans- 
parent in two or three weeks. Litmus whey containing para A remains 
constantly red and perfectly clear; litmus whey containing para B soon 
becomes cloudy and continues so; at first it is red, later it is blue. 


RESISTANCE OF PARATYPHOID A AND B BACILLI TO TEMPERATURE 

Paratyphoid A bacilli in milk and in bouillon are killed by a tempera- 
ture of 70 C. in fifteen minutes. They will live indefinite time, more 
than a year, in milk which was sterile when they were put in it, and 
retain all their vigor, virulence and characteristics. In milk and water 
containing saprophytic organisms, paratyphoid bacilli A and B are 
destroyed in a few weeks. After standing in an absolutely dry jar for 
six months, the paratyphoid A bacilli were found to be alive and 
unchanged. Paratyphoid B withstand higher temperatures than para A 
bacilli. B. Fischer, also Vagedes, found that a temperature of 60 main- 
tained for half an hour did not always kill para B bacilli, and after 
exposure to a temperature of 70 C. from ten to twenty-five minutes and 
75 C. for five minutes, there always remained some living germs. Kolle 
states that paratyphoid B bacilli in milk are all killed by a temperature 
of 60 C. maintained for fifteen minutes. We found, after heating six 
different cultures of paratyphoid B to 60 C. for half an hour, that four 
of them had been killed ; the two cultures which withstood 60 C. for half 
an hour were destroyed by that temperature maintained for one hour. 


VIRULENCE OF PARATYPHOID A BACILLI 

Paratyphoid A bacilli are much less virulent than para B bacilli; 0.3 
c.c. of a twenty-four-hour-old bouillon culture injected into the perito- 
neal cavity of a mouse will kill it in one day. In proportion to their 
body weight, guinea-pigs and rabbits are more susceptible than mice. 
A 250 gram guinea-pig will die forty-eight hours after receiving, intra- 
peritoneally, 0.5 c.c. of a twenty-four-hour-old bouillon culture of para A 
bacilli. Intravenous injections of 0.5 ec.c. of a twenty-four-hour-old 
bouillon culture of para A bacilli kill 1,500 gram rabbits in twenty-four 
hours. 
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Animals inoculated with paratyphoid bacilli show the clinical cours 
and post-mortem changes of septicemia; after death pure cultures of the 
bacteria can be isolated from their blood and internal organs. 

Mice and guinea-pigs fed for months on nothing but bread and meat, 
grossly infected with para A bacilli, did not become ill or die, and exami- 


nation of their intestinal contents showed no para A bacilli. 


TOXIN FORMATION 


Attempts to isolate a toxin formed by para A bacilli were unsuccess- 
ful. Bouillon cultures were incubated at 37 for one, three, five, ten, 
twenty and thirty days, then filtered through a Pasteur-Chamberland 
filter and the filtrate injected intraperitoneally and intravenously into 
mice, guinea-pigs and rabbits, the doses ranging from 1 to 10 c.c. 

Two rabbits which weighed 2,000 grams each received intravenous 
injections of 5 c.c. of the filtrate, three times in eight days; the only 
symptom they showed was progressive emaciation, and four weeks after 


last injection they died; post mortem the internal organs showed no 


change. 

When growing in bouillon paratyphoid A bacilli form a scum on the 
surface. We cultivated them over large surfaces of bouillon where ther 
was free access of oxygen, also under anaerobic conditions, in different 
degrees of alkalinity, upon the various carbohydrates and different 
serum, but in no case could a toxin be obtained. The para A bacilli wer 
planted on large agar plates and incubated at 37 C. for twenty-four hours; 
at the end of that time some were washed off with sterile water, others 
with normal salt solutions; the fluids were then agitated for twenty-four 
hours at 37 C.; after that they were filtered and the filtrate was injected 
into mice, guinea-pigs and rabbits, but produced no ill effect. 

In the serums of all these animals, four weeks after inoculation, we 
found agglutinins and bacteriolysins, but no antitoxin. The serums from 
these animals were refrigerated for three or four weeks; at the end of 
that time they had lost their bacteriolytic power; then the fluid was 
injected into two groups of animals. The first group were injected with 
the serums and, at the same time, inoculated with fresh cultures of para- 
typhoid A bacilli; those of the second group were injected with the 
serums only; twenty-four hours later, they were injected with the same 
as the first group. Control animals were injected with nothing but the 
bacteria. They all died in the same way and at the same time. 


*) 


ow that the paratyphoid A baci 


These experiments sl li does not forn 
extra-cellular toxins ; that toxemia is caused by endotoxins liberated when 


bacilli disintegrate ; and our investigations of the other paratyphoid ba: 














PARATYPHOID A AND PARATYPHOID B 


to believe that the same is true of the paratyphoid B 


itl has found in filtrates from fourteen-day-old bouillon ¢ 


ura B bacilli toxic substance to mice and guinea-pigs. Kutscl 
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eleven years after recovery from typhoid fever. In typhoid fever the titer 
of the patient’s serum is usually between 1:40 and 1:300; it may go up 
to 1:1,000 or 1:2,000. Foerster®® and Juergens™ have seen titers of fron 


1:5,000 to 1:50,000, but their observations were made microscopical 


es eee 


with a high power oil immersion lens. 


The fact that the serum of normal health people who have never 


Cie 


been ill occasionally agglutinate bacteria, and more important, that the 


serum of one suffering with typhoid fever occasionally has in addition t 


, its power of agglutinating the Eberth-Gaffky bacillus an equally strong o1 
, stronger power to agglutinate other bacilli, lessens the value of this test 
as a means of diagnosis and has excited much controversy concerning the 

specific nature of this test. The serum of a patient affected with any « 

the organisms belonging to the typhoid coli group, Eberth-Gaffky bacil 
lus, paratyphoid A and B, Bacillus psittacosis, Bacillus enteritidis 

(Gartner), hog-cholera bacillus, the various bacilli which cause meat 

poisonings, paracolon bacillus and Bacillus coli communis, may show thi 
phenomena of group agglutination. Thus the serum of the patient ill as 
E a result of meat-poisoning, not infected with typhoid bacilli, may agglu- 


tinate the bacillus responsible for the disease, and at the same time hav 


the power to agglutinate typhoid bacilli in a lesser, equal 


or greatel 


degree. This has been observed by Huehnermann, Conradi, Drigals 


. Juergens and many others; Zupnik*®* maintains that agglutination is on 
ie a group reaction and of no value in distinguishing the different members 
i of the group. Lentz, Drigalski and Fischer believe that this double 
agglutination is such a rare occurrence that it does not impair the valu 
Hy of the agglutination test in making a diagnosis. 

a Castellani®® described a method by which the organism causing a dis- 


ease could be identified when the patient’s serum showed group agglutina- 


if tion and agglutinated two or more bacteria. According to his theo 
serums which possess the property of group agglutination contain a prin- 
cipal and auxiliary agglutinins. The principal agglutinin is the on 


formed by the organism causing the disease and is identified by its 


superior power of agglutination over the auxiliary agglutinins. 1 


: ee eae anne ene — 


66. Foerster, O.: Quantitative Untersuchungen tiber die agglutin irende und 


tericide Wirkung des Blutserums von Typhuskranken und Reconvak 
Ztschr. f. Hyg. u. Infectionskrankh., 1897, No. 3 
67. Juergens, G.: Beobachtungen iiber die Widal’sche Reaction und die Mita 


glutination der Typhusbacillen. Ztschr. f. Hyg. u. Infeectionskrankh., 1903, p. 372 
68. Zupnik, L.: Ueber Gattungs specifische Immunitiitsreactionen. Ztschr. f 
Hyg. u. Infectionskrankh., 1904, p. 447 
69. Castellani, A.: Die Agglutination bei gemischter Infection und die Dia 
nose der letzteren. Ztschr. f. Hyg. u. Infectionskrankh., 1902, p. 1 
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theory has been proved wrong by a great mass of evidence produced by 
many experimenters; consequently the test is valueless. 

Castellani’s method is to take a serum which agglutinates two differ- 
ent bacteria, add to it one of the bacteria until its power to agglutinate 
that organism is exhausted, then by centrifugation separate the agglu- 
tinated bacilli from the serum, add the other bacteria until the titer is 
exhausted. The organism for which the serum possesses the greatest 
power of agglutination is the causing organism. Castellani failed to dis- 
cover the all-important fact that when you extract from a group agglu- 
tination serum the power to agglutinate one bacillus, you thereby increase 
its power to agglutinate the other. 

Authorities disagree as to the lowest dilution of a patient’s serum 
which is of value in making an agglutination test for the diagnosis of 
typhoid fevers; Widal says 1:10, Ziemke 1:20, Stern and Kolle 1:30, 
Gruenbaum 1:32, Skowler and Foerster 1:40, Fraenkel and Kohler 1:50, 
Bruns and Kayser 1:75. 

Kassel and Mann have shown that occasionally the sera of patients 
ill with croupous pneumonia will agglutinate typhoid bacilli in a dilution 
of 1:40. Van Ordt has found that the serum of a patient with suppura- 
tive meningitis will do the same thing. Many investigators state that 
the serums of most patients suffering with jaundice will agglutinate 
typhoid ‘bacilli. Eckhardt*® has observed this in a dilution of 1:100, 
Gruenbaum* and Koehler 1:40."° 

A study of many thousand cases of typhoid fever, for each of which 
an agglutination with the patient’s serum was made, shows that a diag- 
nosis of typhoid fever by an agglutination test made with the patient’s 


serum will be correct in 60 per cent. of all 


cases. In 40 per cent. 
agglutination tests made with the patient’s serum will not lead to the 
correct diagnosis. This is true for all the diseases caused by members of 
the typhoid group. 

Since it is important to have an absolutely reliable method of making 
an early diagnosis of typhoid fever, it is most desirable that we use an 
improved technic that eliminates the probability of error from the results 


of agglutination tests. Many hundred agglutination and group agglutina- 


tion tests made by titrating the serum of highly immunized animals 

70. Eckhart Widal’sche Serum Reaction bei Weil’scher Krankheit. Miinchen 
med. Wehnschr., 1902, No. 27. 

71. Griinbaum, M. S.: Ueber den Gebrauch der agglutinirenden Wirkungen von 
menschlichen Serum fiir die Diagnose des Abdominal-Typhus. Miinchen. med 
Wehnschr., 1897, No. 13, p. 330 

72. Koehler, F.: Das Agglutinationsphiinomen, Klinische u. Experimentelle 
Studien. Klinisches Jahrbuch, 1901, viii, 39 
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against the bacilli taken from the patient’s blood and observing the result 
macroscopically and with only low-power microscope, show this to be the 


method which meets all requirements. 


HIGH AGGLUTINATION SERUMS 


Zupnik’s®* statement that agglutination of laboratory cultures of 
bacilli with patient’s serum is only a group reaction, does not apply to 
the agglutination of bacilli taken from a patient and agglutinated wit! 


the serum of a highly immunized animal. The serum of highly immun- 


ized animals may show the phenomena of group agglutination, but when 
this is present it is so weak that it never makes the result doubtful; the 
highest group agglutination, in proportion to the principal agglutinin, 


was observed and recorded by Juergens, in low titer serums, and the 


group agglutination was only for the two nearest relations in the typhoid 


{ 


coli group. He observed a typhoid serum with a titer of 1:500 for 
typhoid bacilli which agglutinated paratyphoid bacilli in a dilution of 
1:200, and a paratyphoid serum with a titer of 1:400 for paratyphoid 
bacilli which agglutinated typhoid bacilli in a dilution of 1:200; even in 
these extraordinary cases the difference is so great that error need not be 
made. The serum of animals which have been highly immunized will 
agglutinate the bacillus with which the immunity was produced in a 
dilution of from 1:500 to 1:50,000. The higher the dilution which will 
agglutinate the bacillus producing the immunity, the lower in proportion 
the power of group agglutination. 

When the same technic is used and all precautions taken to obtain 
uniform results in highly immunizing animals against typhoid disease, 
there will still be variations in the power of the serums of the different 
animals to agglutinate cultures of the bacillus with which the immunity 
was produced. Thus we take a pure culture of Eberth-Gaffky bacilli, 
immunize with it twelve guinea-pigs having the same weight; the highest 
dilutions in which the serums of these pigs will agglutinate the cultures 
of Eberth-Gaffky bacilli used to produce the immunity are as follows: 
One 1:800, one 1:2.000, one 1:5.000. two 1:20,000, three 1:30.000. two 
1:40,000, one 1:50,000 and one 1:60,000. These variations are due to 
differences in the animals, and do not result from faulty technic; nor are 
some of them weaker than others, because the power of agglutination is 
unstable and partly lost after removal from the animal body, as Hetsch 
believes. 

After an animal has been immunized its serum should be titrated 
against the culture with which the immunity was produced, several times 


{ ¢ 


daily on three or four consecutive days to establish the limit of its titer 
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Only serums that show a titer of 1:10,000 or higher should be used, 
because only with serums possessing such high power of agglutination can 


} 
t 


a differential diagnosis be made between the numerous members « 
typhoid-coli group. For the result of an agglutination test to be acceptable 
as absolutely diagnostic the bacilli taken from the patient must be 
agglutinated by the animal serum in nearly as high a dilution as the 
bacilli used in immunizing the animal. The fact that such a test can be 
substituted for Pfeiffer’s bacteriolytic test, giving reliable results and 
being less difficult to perform and requiring less time, greatly enhances 
the value of an agglutination test made with the serum of a strongly 
mmunized animal. 

When a test is made with bacteria taken directly from the patient's 
blood and the result is negative, that is not proof that the patient has 
not the disease. In such a case it is necessary to take some bacilli from 
the blood, incubate them at 37 C. on artificial culture media for thre 
days and titrate the animal serum against them; because certain condi- 
tions of the human body cause variations in the bacilli which makes their 
igglutination more difficult or impossible, and when the bacilli are 
replanted in artificial culture media and incubated for several days they 
regain their normal properties and are uniformly agglutinable. Virulent 
cultures are harder to agglutinate than avirulent cultures; very motile 
bacilli are more difficult to agglutinate than slightly motile bacilli; when 
typhoid bacilli are growing in a temperature of 42 C. they cannot be 
agglutinated, but if the temperature is reduced to 37 C. after several 
days they are again agglutinable; occasionally, of a number of typhoid 
bacilli taken from one individual, some will be difficult to agglutinat 


and others will be easy to agglutinate. 


AGGLUTINATION TEST TECHNIC 


The serum used in making these tests was obtained from rabbits that 
had been immunized with cultures of typhoid (Eberth-Gaffky), paraty- 
phoid B (Schotmueller), and paratyphoid A (“Pgh.”) bacilli. Immuni- 
zation was produced by intravenous injections of bacilli that had been 
killed by exposure to a temperature of 60 C. The first injection was 0.5 c. 
of a twenty-four-hour-old bouillon culture; seven days later an eighteen- 
hour agar culture was washed with 5 c.c. of normal salt solution and 1 
e.c, of that solution was injected; similar injections were given on the 
fourteenth and twenty-first days, and five weeks after the first injection 
had been given the titer of each serum was estimated and only those 


serums which showed a titer limit of 1:40,000 were used. 
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Kutscher and Meinik have observed that immunization by smal] 


amounts of living bacilli, as practiced by Friedberger, does not develop 
a strong power of agglutination in the serum. After using both methods 
extensively we believe the best results are obtained by producing immunit\ 
with injections of large numbers of dead bacteria. Each serum, on thre 


consecutive days, was titrated against its own bacillus; at the same time 
tests were made with normal rabbits’ serums against the different 
in dilutions from 1:10 to 1:100. 

The agglutination tests were made by Proescher’s** method, which is 
as follows: Twelve test-tubes, each containing 1 c.c. of sterile normal salt 
solution, are put ina row. ‘To the first is added 1 ¢.c. of a 1:10 dilution 
of the serum; the tube is then shaken so as to mix its contents thor- 
oughly. Tube No. 1 now contains 2 ¢.c. of a 1:20 dilution of the serum; 
1 c.c. of the contents of No. 1 are transferred to No. 2, after which No. 1 
contains 1 c.c. of a 1:20 dilution of serum, and No. 2 contains 2 c.c. of 
a 1:40 dilution. One c.c. of the contents of No. 2 are then transferred to 
No. 3; this transfer is continued to the eleventh tube; the 1 ¢.c. removed 
from No. 11 is discarded. No serum is put in No. 12; it is used as a 
control. Now there is 1 c.c. of fluid in each of the twelve tubes. From 
the first to the eleventh, inclusive, they contain increasingly higher dilu- 
0, 1:40, 1:80, 1:160, 1:640, 1:1,280, 


tions of the serum as follows: 1:2 
1 :2,560, 1:5,120, 1:10,240, and 1:20,480. The twelfth tube contains 1 c. 
of sterile normal salt solution. 

The next step is to add 1 e.c. of an emulsion* of the bacilli to ea 


dilution of the 


) 


tube: now every tube contains 2 c.c. of fluid and the 
serum in each tube has been doubled, so that the first tube now contains 


2 v.c. of a 1:40 dilution of serum plus the bacilli, and the eleventh tube 
2 cc. of a 1:40,960 dilution plus bacilli. The twelfth tube (control) 
contains 2 ¢.c. of an emulsion of bacilli in normal salt solution. 


The contents of the twelve tubes are emptied into twelve square glass 
dishes; these dishes are piled one upon the other and the top one cov- 


ered with a piece of glass. They are then incubated at 37 C 


at the end of that time they are removed from the incubator and 
examined, 

73. Kutscher and Meinike Vergleichende Untersuchungen tiber Paratyphus 
Enteritis und Miiusetyphusbakterien und ihre immunizatorischen B hunger 
Ztschr. f. Hyg. u. Infectionskrankh., 1906, p. 301 

74. Proescher, F.: Zur Anstellung der Widal’schen Reaction Centralbl. f 


Bakteriol., xxxi, 400 
*The emulsion of the bacilli used for this purpose is obtained in the follow 


ing way: 4 sixteen-hour-old agar culture of the bacteria is washed with 10 ex 
of normal salt solution The salt solution is then shaken until the bacteria are 
thoroughly distributed through it and do not show anv collection in groups when 


examined microscopically 
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Beginning with the twelfth they are examined in order to the first. 
They are inspected macroscopically, then microscopically, with a low 
power lens and with the reflector of the microscope so arranged as to 
give the greatest amount of diffusion to the rays of light. In the lowest 
dilution large irregular clumps are observed ; the higher the dilution the 
smaller and less compact are the clumps. 

By this method, after some experience and observance of controls, the 
agglutination can be observed to the limit of the titer. Errors from 
pseudo-agglutination are precluded ; and the variation between the results 
of repeated experiments are very much less than by any other method, 
which proves this the most exact and reliable method. 

It is the consensus of opinion of investigators that observation of 
agglutination with an oil-immersion lens is uncertain and often mis- 
leading; that the most reliable observations are those made microscopic- 
ally, or with a low-power lens, and that the latter method should be used, 
especially when comparison is desirable. Comparison of the results of 
different experiments can be of value only when the same technic has 
been used for all. 

For comparative investigations it is important to know that the same 
bacillus grown on different agars varies in its susceptibility to agzlutina- 
tion. We often find in preliminary tests the controls spontaneously 
agglutinated. We made several different lots of agar on different days 
and planted paratyphoid bacilli on each. Later the agglutination of the 
bacteria from each of the agars was tried and the agar from which the 
bacilli were taken that gave the best results was employed exclusively 
for the growth of all bacteria used in making agglutination tests. 

Why different agars vary in their effects on bacilli is not known. 
Kutscher and Meinike believe that this phenomenon is due to differences 
in alkalinity. We experimented with agars of different degrees of alka- 
linity, and whether the alkalinity was strong or slight made no difference 
in the effect upon the bacteria. It is probable that the meat and peptone 
are responsible for the lack of uniformity. Different lots of agar made 
with the same meat and with different samples of peptone gave different 
results; other lots of agar made with the same meat and same peptone 


gave uniform results. 


AGGLUTINATION OF PARA A CULTURES, PITTSBURGH 
The serum used to agglutinate the para A, culture Pgh., was obtained 
from a rabbit which had been highly immunized with para A No. 65, 
Pgh. ; this had a titer of 1:50,000. (See Table 5.) 
It will be seen that the majority of the Pgh. cultures (39) were agglu- 
tinated to the titer limit by one Pgh. serum; 8 were agglutinated to 
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j 1:20.480; only one culture was obs rat « d not be agglutinat 
: na eher dilution than 1:5,120 Che results of these tests show t 
il] the para \ Po ( tures are ntical with one anothe 
I it a the iltures were not uniforn igglutinated to the tit 
mit was probably due to the different structures of the agglutina 
on receptors, as the receptors vary In many cases. 

Che para A Pgh. cultures were also agglutinated with para A S 
mueller serum, which had a titer limit of 1:50,000, to prove that the 
para A Pgh. bacillus is identical with para A Schottmueller. The s¢ ! 

; ised for these tests was obtained from rabbits which had been immunized 
rom cultures isolated from patients Barg and Mueller by Schottn eT 

The serum agglutinated both cultures (Barg and Mueller) in a dilu 

; tion of 1:50.000. (See Table G6.) 


The figures in Table 6 show that para A bacillus Pgh. and para A 

Ps ueller are one and the same. 
To determine the power of group agglutination, the para A P Cl 
ires were agglutinated with para B serum, which possessed a titer lin 
of 1:50,000. (See Table 7.) This serum was obtained from rabbits whi 


ad been immunized with a culture from Schottmuells 


The greater number of paratyphoid A bacilli are not affected at 


vy paratyphoid B serum; only three of our cultures were agglutinated 
: it in a dilution of 1:160. The others were agglutinated in di 


etween 1:20 and 1:80. Group agglutination paratyphoid B serun 





4 ery low. 

Group agglutination tests were also made with t phoid ( Kebert 
Gaffky) serum, which had a titer of 1:50,000 for its own ba i. (Se 
se Table 8.) The results of these tests with para Bb serum were that Nos 


9, 10, 20, 32, 52, 53, 57, 60, 65, 75, 80, 92, 106, 119, 124, 133 and 161 

were not affected at all; the highest group agglutination was show: 

culture 4, which was slightly agglutinated in a dilution of 1:2,560, a1 

unusually high group agglutination. 
The experiments were repeated a number of times to exclude error and 

gave always the same result. Culture 14 was agglutinated in a dilut 

of 1:1,200 and 164 in a 1:640 dilution. Group agglutinat 


was shown bv Nos. 62. 73, 79, 156. 


Cultures 13, 16, 33, 113, 145, 163 were agglutinated in a dilution 





: 1:60. Nos. 35, 72, 81, 88, 153 agglutinated in a dilution of 1:80 


i Nos. 5, 27, 29, 39, 46, 61, 83, 94, 101, 102 aggh 


itinated in ad 


of 1:40, and 1:20 was the highest dilution that would affect Cultur 69 


96 and 97. 7 
| 
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Milefsky),. Allen’s cases (those of Euster and Samuels), Hewlett’s Case 
7, Longcope 2026, Longcope and Gwyn all showed negative results. 


The paratyphoid Ba iltures were strongly agglutinated DY the same 
serum as used for the tests with A cultures; one of Schottmueller’ 
(that of Thot) in a dilution of 1:40.960, Rosenau 40,960, Achard and 
Bensaude’s B 1: 20,480, Flexner B 1:20,480, Longcope B 1:5,120, Phil 
adelphia B 1:5,120, Achard and Bensaude’s W 1:10,240, and Widal and 


Nobecourt 1:10.240; bacillus hog cholera, 1:2,560: Bacillus enteritidis 


s cases 


(Gartner), 1:320; bacillus Hume and bacillus Strong, negative. 

Typhoid (Eberth-Gaffky) serum with 1:50,000 titer limit was titrated 
against all the paratyphoid A and B bacilli obtained from other labora- 
tories. As will appear, none of these group agglutinations were high 
enough to cause any doubt as to the identity of the organisms. Cu 
O gave negative results; one of Johnston’s cases (that of Milefsky 
agglutinated in a dilution of 20: Johnston’s other case (tha 
Badach), in 1:160; one of Schottmueller’s cases (that of Barz), 
1:140; Schottmueller’s other case (that of Mueller), in 1:180:; Long 
2026, in 1:160; Hewlett’s Case 7 in 1:160; Brion and Kayser’s in 1:320; 
Coleman and Buxton’s, in 1:320; » of Allen’s cases (that of Euster) 
in 1:640; and Allen’s other case (that of Samuel), was negative. Al! thi 
above cases were para A. 

Paratyphoid B cultures were agglutinated, Achard and Bensaude’s W, 
in 1:640:; Achard and Bensaude’s B n 1:320; one of Schottmueller’s 
eases (that of Thot), in 1:160;: Widal and Nobecourt’s, in 1:80 (: 
Longcope B, in 1:40; Rosenau Bb, in 1:40; Flexner was negative 
Philadelphia B negative. 


BACTERIOLYTIC EXPERIMENTS IN VIVO AND IN VITRO 


Pfeiffer’s*® test is based on the fact that animals, immunized with 
cholera bacilli or bacilli of the typhoid coli group, will dissolve the sam 
bacillus as that with which the immunity was produced, when it 
injected into the animal’s abdominal cavity. 

Later Pfeiffer and Metchnikoff** showed that this _ bacteriolytix 


phenomenon can be observed in a test-tube, by using fresh serum or 


abdominal fluid. Other investigators then tried to work out a simplified 


method of performing the test, based on the findings of Pfeiffer and 


75. Pfeiffer, R.: Die Differentialdiagnose der Vibrionen der Cholera asiatica 
mit Hiilfe der Immunisirung. Ztschr. f. Hyg. u. Infectionskrankh., 1895, | 

76. Metchnikoff, E.: Etudes sur Vimmunité, sixiéme mémoire; sur la 
tion extracellulaire des bactéri« lans lorganisme Ann. de l’Inst. Past 
ix, 433 
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rABLE 15 ONE HUNDRED AND FPORTY-EIGHT BACTERIOLYTIC TESTS MADE 
WITH THE 65 CULTURES OF PARATYPHOID A BACILLI PITTS 
BURGH, AND PARATYPHOID A PITTSBURGH SERUM 


Inactivated Serum 





of Rabbit, Normal Number of 
Bacilli Immunized with Rabbit Serum Colonies on Plates 
Dilution ara A, Pittsburgh as Complement After 24 Hours, 
CA cA 
0.4 O38 x 
0.1 on Xx 
O.08 Os x 
oo os about 1000 
1 ce of a 1:5000 0.04 O38 about 100 
Dilution of a 24 O.02 O38 about 100 
hour old Bouillon 0.01 Os about MoO 
Culture O.008 On u 
oe mo ” 
O.004 “” 100 
o.oo Os many loo 
o.001 og many loo 


rABLE 14 rHIRTY-SIX BACTERIOLYTIC TESTS MADE WITH THE 12 
CULTURES OF GWYN, HEWLETT, SCHOTTMUELLER, CUSHING, JOHNSTON, : 
BRION, ROLLY, ALLEN, KAYSER, PLUS PARATYPHOID A, PGH. SERUM 


Inactivated Serum 













of Rabbit Normal Number of 
Immunized with Rabbit Serum Colonies on Plates 
Bacilli Para A, Pittsburgh as Complement After 24 Hours 
“4 on 7 
1 os x 
08 Os x 4 
O06 On about 1000 . 
1 < of a 1:5000 o.o4 Os about lo 4 
Dilution of a 24 oO. Os about no 
hour old Bouillon O.o1 0.3 0 4 
Culture Ooos on v 4 
oe on “ 4 
0.004 O38 0 ry 
o.002 o8 100 ° 
0.001 O.3 1000 4 
rABLE 15 ONE HUNDRED AND EIGHTY BACTERIOLYTIC TESTS MADE WITH 
rHE CULTURES NAMED IN TABLES 13 AND 14, PLUS PARA 
rYPHOID B SERUM 
Inactivated Serum ' 
of Rabbit, Normal Number of 
Immunized with Rabbit Serum Colonies on Plates ‘ 
Bacilli Para A, Pittsburgh as Complement After 24 Hours : 
c.c es i 
0.4 Pi x ‘a 
0.1 O28 x 
O08 On x 
o.06 On x 
1 «cc. of a 1:5000 0.04 0.3 x 
Dilution of a 24 0.02 0.38 x 
hour old Bouillon 0.01 0.3 x 
Culture. 0.005 0.8 x 
O.006 Os x 
0.004 OS x 
o.oo02 oo x 
001 x 





Sooo 
Racilli 1:5000..... 0.5 0 x 
Bacilli 1:5000..... 0 0.5 x 
0 
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Metchnikoff. Neisser and Wechsbe rg‘? described a practical method by 
which a fairly accurate quantitative estimation can be made. Into tubes 
containing different quantities of serum are put the same amount of 
culture and fresh complement serum; the tubes are then incubated at 
37 C. for two hours; at the end of that time a portion of the contents of 
each tube is agar-plated and a direct count made of the living germs. 

At the present time it is the consensus of opinion that while the 
bacteriolytic test in vivo is more difficult to perform than the bacterio- 
lytic test in vitro, the former is more accurate and reliable than the 
latter. 

Both bacteriolytic tests in vivo and in vitro have been extensively used 
for the identification of the different members of the typhoid-coli group. 
Stern and Korte** and others have found the sera of typhoid and para- 
typhoid patients possess bacteriolytic properties. The investigations of 
Stern and Korte show that the bacteriolytic tests are more accurate and 
constant and finer than the agglutination tests for the identification of 
the different members of the typhoid-colon group. 

Toepfer and Jaffe*® proved the correctness of Stern’s and Korte’s 
communications, and found that nearly all the serums of human beings 
and animals which had been infected with typhoid bacilli show a bac 
teriolytic effect on typhoid bacilli in vitro, The strongest bacteriolytic 
effect was produced by serums from people suffering with typhoid fever; 
the serums of convalescents and artificially immunized persons possessed 
the power in a lesser degree. After recovery from typhoid fever the 
serum rapidly loses its bacteriolytic power. The bacteriolytic properties 
of typhoid patients’ serums are specified for the Eberth-Gaffky bacillus 
and have no effect on paratyphoid A, paratyphoid B colon, or any other 
bacilli. The serums of three patients who showed unmistakable clinical 
signs of typhoid fever did not possess bacteriolytic power. lorte states 
that the blood of typhoid fever patients possesses bacteriolytic power in 
the first week of the disease. Korte and Sternberg*® found that the 
serums from the bodies of those who died of the disease still possessed 
bacteriolytic power after death. 

Toepfer and Jaffe could never find the bacteriolytic properties as 


strong as Sternberg and Korte could. They could never find sterile 


77. Neisser. M.. and Wechsberg, F.: Ueber die Wirkungsart baktericider Sera 
Miinchen. med. Wehnsclhr., 1901, No. 18. 

78. Stern, R., and Korte, W Ueber den Nachweis der bakteriziden Reaction 
im Blutserum der Typhus-Kranken. Berl. klin. Wehnschr., 1904, No, 9, p. 213 


79. Toepfer and Jaffe: ntersuchungen iiber die Beziehungen von Baktericidie 
in vitro und im Thierversuch an Typhus und Paratyphusbacillen mit verschiedenen 
specifischen Serumproben. Ztschr. f. Hyg. u. Infectionskrankh., 1906, p, 383 

80. Korte. W.. and Sternberg: Weitere Untersuchungen iiber die Bakterizide 
des Blutserums der Typhus-Kranken. Deutsch. Arch. f. klin. Med., 1905, p. 321 
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plates, even when they experimented with the highest concentrated serums. 


naking the aga plates alter incubating the serums and bacteria at 37 ¢ 
for three hours, but when the incubation was continued for twenty-f 


ours the serum in a dilution of 1:100 showed sterile plates. For the 


omplete action of the bacteriolytic power more than three hours’ time 


s required. Toepfer and Jaffe, also Laubenheimer,®: could not find. as 


’ . ’ 
Hahn did, bacteriolvtic properties in the serums of people who never 


Toepfer and Kolle could not find the bacteriolytic action of para- 


phoid B serum on paratyphoid B bacilli in vitro; but thev did observ 


t vo. Neisser has shown that the bacteriolvtic test in vitro ma‘ 


e negative. when by the same serun n vivo, it 1s strongly positive. 





Fig. 1.—Stab cultures in gelatin, twelve days old, showing no difference. A, 
paratyphoid A bacilli; B, paratyphoid B bacilli; C, typhoid bacilli; D, Bacilli 


colt COMMUNES 


If the negative results of bacteriolytic tests in vitro can be used to 


show a biological difference between Eberth-Gaffky and paratyphoid B 
bacilli, as stated by Toepfer and Jaffe, is very questionable. 
Laubenheimer found the serum of paratyphoid B patients in vitro 


strongly bacteriolytic ; in one case he found, in a dilution of 1 :51,200, all 


the bacilli dissolved. It is probable that there is a difference between 


acteriolytic action in vitro and in vivo. The bacteriolvtic action of the 


serum is the same in both, but perhaps in the living body the tissue cells 


iSO pilav a part in bacterial dissolution. 





81. Laubenheimer, hk gnostische Bedeutung der baktericiden 


Eigenschaften des Blutserums Tywphuskranker Ztsechr. f. klin. Med... Berl.. 1905 


p. 170 
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The Pfeiffer experiment in vivo when prope! 


liable to error, gives results in much higher dilutions, : 


for the titration of the bacteriolytie power than the test-tube 


The bacteriolvtic expr riments give specific results, and tl} 
more accurate than agglutination tests for the identification of 


lvtic qualities, but for m: reasons the bac iolvtie test is 


Fig. 2.—Drigalski agar plates, twenty-four hours old, showing no marked di 


ference: A, paratyphoid A bacilli; B, paratyphoid B bacilli; C, typhoid bacilli 
D, Bacilli coli comma 


in importance to the agglutination test as a means of identifving t] 


different members of the typhoid-coli group. 


Bacteriolytic experiments are more difficult to perform, 


more expensive, require more time, labor and apparatus. 
Further, individual differences in animals make necessary the 


tion of the test four or five times: very much depends on choosing 


I 
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culture: cultures difficult to effect lead to false conclusions: so the 
agglutination test with strongly immunized animal serum is the diag- 


nostic test of election. 


BACTERIOLYTIC EXPERIMENTS 


For our bacteriolytic experiments we use the method of Neisser and 
Wechsberg. The serums used are taken from rabbits which have been 
injected with dead, and later with living bacilli; such serums possess the 
property of bacteriolysis in a high degree. When the immunization of 
these rabbits is completed, some blood is taken from their ears and the 
bacteriolytic power is tested; if the test shows that the serum is strongly 
bacteriolytic, then under strict aseptic precautions the animals are bled 
from the carotid arteries into glasses. This serum will keep if sterile, 
without the addition of anything, or may be preserved by the addition of 


5 per cent. phenol, which has no influence on its bacteriolytic power. 


B c 





Fig. 3.—Agglutination phenomenon, ocular 4, objective 1 (Leitz). A, 
strongest agglutination; B, midway between A and ¢ (, agglutination at titer 
limit 


When the fresh serum is used it must be heated to 56 C. for half an 
hour to destroy the complement, because the quantity of complement is 
unknown, and the presence of too little or too much complement will 
disturb the experiment. Serum that has been preserved for a long tim 
with 5 per cent. phenol need not be heated before using, as the complement 
has been destroyed by the phenol. The destruction of the complement by 
heat or preservative leaves an immunifacient, thermostabile, bacteriolyti: 
amboceptor, which must be reactivated. The complementation is obtained 

adding the serum of a normal animal, the same kind of animal as the 
immunized serum was obtained from. This serum should be drawn off 
the clot after the animal’s blood has been allowed to stand in a refriger- 


ator for twenty-four hours. The normal serum used as a complement 














4 
i 


a. ee 
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must show only slight bacteriolytic power ; after estimation of the comple- 
ment-amount the tests are made. 

A number of sterile test-tubes of 10 ¢.c. capacity are placed in a row; 
we put into them inactivated immune serum as follows: 0.5 ¢.c., 0.4 ©.c., 
0.3 c.c., 0.2 c.c., ete., to the limit of the bacteriolytic power; an equal 
amount of complement, for example, 0.3 ¢.c., is added. Now 1 c.c. of 
bouillon containing the bacteria** is put in each tube; finally, a quantity 
of plain bouillon, sufficient to bring the bulk up to 0.3 ¢.c., is added to 
each tube, the tubes are shaken to thoroughly mix their contents, after 
which they are incubated at 37 C. for three hours, which is sufficient for 
the optimum action of the bacteriolytic bodies. 

When the tubes are taken from the incubator, 0.3 c.c. of the contents 
of each tube is removed with a pipette and mixed with fluid agar at 50 C.; 
the agar is plated, and when the plates have solidified they are turned 
upside down, and in this position placed in an incubator at 37 C. Pipettes 
of equal caliber are used in removing the fluid from the different tubes 
The agar plates are put in the incubator upside down so that the water 
of condensation will not fall on the surface of the agar. 

The plates are allowed to remain in the incubator for twenty-four 
hours ; at the end of that time they are removed and the colonies counted ; 
for this pupose Wolfhuegel’s counting apparatus may be used; macro- 
scopic inspection is sufficient to make the estimation. We estimate the 
number of colonies according to Neisser’s method: “No growth,” “about 
a hundred” colonies, “some hundreds,’ “about a thousand,” “some 
thousands,” “many thousands,” and “uncountable.” Great variations in 
the number of colonies counted on the plates designate differences in 
bacteriolytic power. The contro] plates made from tubes which con 


tained no immune serum should show equal amounts of growth and 
present an uncountable number of colonies. 

If the serum is strongly bacteriolytic, sterile plates containing very 
few germs will be found. Control plates, made from tubes containing 
only immune serum and complement, should be sterile. 

In performing these experiments special attention must be given to 
complement deviation (Neisser and Wechsberg), because large quantities 
of immune bodies deviate the complement from the bacilli, through an 


excessive amount of amboceptor; we recognize this phenomenon by th« 





82. An eighteen to twenty-four-hour-old bouillon culture is diluted to 1:5000 
by addition of sterile bouillon; and 1 e.c. of this contains a number of bacteria 
sufficient to form several thousand colonies on an agar plate, after two to three 
hours’ incubation at 37 C. The agar used in making such plates must be uniform 
and proved not to cause differences in the growth of the bacteria on any of the 


plates. 
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appearance of plates made from tubes containing |} ly diluted serun 


thers containing only slightly diluted serum; the appearanc 


th is the same, all the plates showing luxuriant growth. The plates 


} 
| 
l 


etween these two extremes, of high and low dilution, are sterile. 


, 7 : ’ 
lo avoid errors in performing this test the following controls shoul 


Prove the sterility of serum and complement to be used. 
Estimate the number of organisms in bacilli dilution. 
Observe the result of mixing equal amounts of bacilli dilution and 


ymplement without immune serum, to make sure the complement pos- 


‘iv 


sses no bacteriolytic effort. 
t. Mix equal quantities of immune serum and bacilli dilution without 
plement to learn if inactivated immune serum has not bacteriol) 

Prove the sterility of the complement 

In performing bacteriolytic tests much time and labor can be saved 
ting to make agar plates and counting the colonies on them. 
When the tubes are removed from the incubator they will appear « lear or 
if clear they are sterile: cloudiness is evidence of bacterial 


wth: the results of this quick method are as good as the estimation 


ionies on agar plates ; In most cases, Dut ve ry resistant germs, when 

esent, are not killed, but their growth is arrested ; tubes containing suc! 

isms will appear clear when removed from the incubator; if agar- 

plated, they will show bacterial growth; therefore, this abridged method 
nre liable and s] ould not be used. 

\ll the paratyphoid A Pgh. cultures were entirely destroyed in from 

1.006 to 0.008 cc. of the polyvalent paratyphoid A Pgh. serum; the 


} 


smount of this serum required for the complete dissolving of the various 
ther paratyphoid A cultures was not quite the same, some being killed by 
ightlv smaller amounts and others requiring a little more than th 
th. cultures. 


r 


1antity necessary for the complete destruction of the P 


Paratyphoid B serum had no bacteriolytic effect on any of the paratyphoid 


The results of these bacteriolytic tests prove the identity of all the 


ferent cultures we have classed as paratyphoid A bacilli. 
Each of the forty-eight cultures of paratyphoid A, Pittsburgh, and 


e cultures ol 


Gwyn, Cushing, Coleman and Buxton, Hewlett, Johnston. 





\llen, Schottmueller, Brion and Kayser were subjected to the bacterio- 
vtic test, three times, with paratyphoid A, Pittsburgh serum, and three 


nes with paratvphoid B serum. 














eee ee re 


THE QUANTITATIVE ESTIMATION OF ALBUMIN IN THE 
URINE * 


ALBERT F. MATTICE, B.S 
BALTIMOR} 


The Esbach method is undoubtedly the most widely used simple pro- 
cedure for the quantit itive est 


ation ol albumin in the urine: and, not- 
withstanding its well-known inaccuracies, it is still used in the majority 
of laboratories and hospitals. For exact work several accurate quant 


tative methods are available, but for the clinician the Esbach albumin- 


ometer 1s practically the only quantitative instrument 


suited to his needs 


A great deal has been written about the Esbach method and its 


various shortcomings. Emerson and Baumgarten' give a series of com- 


parative results obtained by estimation with the Purdy centrifuge and 


Esbach methods controlled by weighing. They conclude that neither 


method is satisfactory, and that the Esbach tubes as ordinaril\ 


used 
cannot be relied on for even approximate results. They also state that 
unless the tubes be kept at a constant temperature, the method is prac 
tically useless for comparative quantitative estimations, Christensen’s 
work having shown that differences in temperature of as much as 5° ¢ 


may cause errors of 100 per cent. in the readings. 

The chief disadvantages in connection with Esba¢ 
as made with the riginal picric-<¢ ity 
stated as follows: 


1. As ordinarily used the method cannot be depended on for a <« 


i 
titative estimation of albumin in the uring 
2. Christensen’s work has shown that the room temperature shou | 
© kept at or near 15° C. Ordinat this 1s Impossible 
Urines must be diluted so that the albumin will read 4 gm. p 
ter. or less, if results even approaching accuracy are to be obtained 
!. Urines must be diluted to a specific gravity of 1.006-08 before 
testing and must be kept at a constant acidit The spe { 


e Esbach solution is about 1.012 


*From the Clinica 


Hopkins Universit ind Hos 
pital, Baltimore, and the Laborat« f Physiological Chemist Mount S 
Hlospital, New York Cit 


1. Emerson and Baumgarten: Johns Hopkins Hosp. Bull., 1903, xiv, 9 
9? Christensen Virchow’s Arch. f. patl Anat ISSO. exv, 128 
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The precipitate does not settle evenly, and it is common to find 
variations of as much as 1 gm. per liter or more between two tubes from 


e same urine. 


6. Even with proper dilution and regard to temperature, urines ar 


occasionally seen, in which the precipitate refuses to settle, or a portion 


settles, while the rest floats at the top of the tube, readings being impos- 


7. The solution mixes at once with the urine, and the resulting pre- 


pitate interferes with a correct reading of the meniscus at the R mark 


ym the tube. 
8. The Esbach solution is very disagreeable to handle, the picrie acid 


taining clothes and hands in case of accident 


In view of these well-known facts, it is not strange that investigators 


ave been searching for a more accurate and simple method for the 
quantitative estimation of albumin in the urine. 


Phosphotungsti acid has long been known as a precipitant lor pro- 
teids. It is a crystalline organic acid, dissolving readily in water or 


ilcohol, and giving a clear or slightly opalescent solution, which will keep 


ndefinitely if stored in a dark bottle. Boggs* found it an ideal pre- 


pitant for the proteids in milk, the precipitate appearing immediately 
n a finely divided condition and settling evenly to a minimum volume 


n twenty-four hours. ‘The supernatant fluid was perfectly clear and 


gave no test for proteid. Boggs’ formula is as follows: 


Mix 25 gm. phosphotungstic acid thoroughly with 125 c.c. of di 
d water: then dilute 25 ¢.c. concentrated hydrochloric acid with 100 
( of distilled water and add to the first mixture. 


This solution was used in ordinary Esbach tubes in the same manne) 


as for urine work. Dr. W. A. Baetjer has also used this solution in his 


on the proteids in blood, which will soon be published. and has 


‘tained extremely uniform and satisfactory results. Both Boggs and 


Baetjer controlled their work by quantitative estimations with thy 
Kjelda method, and Boggs in over 300 determinations found a m 


ference from the Kjeldahl of only 0.2 per cent. 


In February, 1908, a paper was published v Tsuchiva.* in whi 1 
save the results of a most thorough study of the phosphotungstic method 
as applied to urine. He found that a watery solution of phosphotungstic 
acid similar to the one devised by Boggs could not be used with urine 
as the phosphates were instant precipitated and confused the readings 
1 as found, however, that in the presence of aleohol the phosphates ar 

}. Boggs Johns Hopkins Hosp. Bull., 1906, xvii, 342 

}. Tsuchiva Zentralbl. f. inn. Med... 1008, xxix, 105 
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1LBUMIN IN THE URINE 


The work which forms the basis for the present article was under- 


taken in the fall of 1908 at the suggestion of Dr. R. S. Morris and has 
een carried on both at this hospital and in the laboratory of Dr. S. 
Bookman, physiological chemist for the Mount Sinai Hospital, New 
York City. 

The Goodman and Stern titration method was first tested, using pre- 
pared solutions of serum albumin in water and normal urine, and also 
pathological albuminous urines from the wards. Englander’s gravimetric 
method has been used as a control in each case, and in our hands the 


res 


ilts given in Table 1 have been obtained. 


rABLE 1 rEST OF THE GOODMAN-STERN TITRATION METHOD 


Gravimetric .._ Esbach Titration. 
Gm Gm Gm Gm 

No Diagnosis Sp. Gr Per Liter Per Liter Per Liter Per Liter 
1 Nephritis 1015 2.63 2.45 ej 10.0 
2 Nephritis 1019 2.74 2.6 1.7 10.0 
Nephritis 1012 3.75 3.5 2.1 12.5 
4 Surgical 1014 1.3 1.2 1.0 6.6 
> Nephritis 1018 12.24 11.4 8.1 50.0 
6 Nephritis 1O1T 6.45 6.2 4.3 25.0 
7 Nephritis 1016 4.34 4.2 3.4 11.7 
& Nephritis 1014 3.26 3.1 2.0 10.0 
9 1022 5.6 5.3 4.1 10.0 
10 Cardia é 1017 3.3 3.15 1.8 10.0 


The figures in Table 1 have been calculated from readings taken 
vhen the first definite trace of cloudiness appeared. According to Good- 
an and Stern, if a urine contains 1 gm. per liter of albumin a cloud 
should first appear when 0.1 ¢.c. of urine has been added to the reagent. 
this be true, the albumin content of any urine may be calculated by 
e following formula: 
1 gm dilution albumin content in gm. per liter 


(Number c.c. of urine added) 0.1 


For example, urine was added to the reagent from a burette, and 


the cloud appeared when 0.05 c.c. had been used. The urine was now 
diluted ten times, and the titration repeated. The first trace of cloudi- 
ness appeared when 0.1 ¢.c. of urine had been added. Substituting in 
the formula: 

10 1 gm 10 gu 

01 01 1 


The urine was again diluted ten times, a total dilution of 100. Or 


tration the first trace of cloudiness appeared when 0.7 c.c. of urine had 


wen added to the reagent. Substituting, again, we have 
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1 gm 100 100 gm. or 14.2 gm. per liter 
0.7 0.1 7 
It is seen that the dilutions do not check. In the 100 dilut 
ness should not have appeared until 1 ¢.c. of the urine had been added 
We should then have had the following: 
1 gm. X 100 or 100 gm 10 gm. per liter 
1 0.1 10 


Table 2 gives more fully the results obtained by diluting the urines 


TABLE 2.—RESULTS OBTAINED BY DILUTING THE URINES 


First 
Gravimetri rrace of Cloud Albumin 
No Dilution Gm. Per Liter c.c. Used Gm. Ver Liter 
1 10 2.63 0.1 10.0 
100 OF 14.2 
2 10 2.74 o1 10.0 
100 OS 12.0 
5 100 12.24 0.2 50.0 
500 0.8 62 
6 100 4 4 2% 
500 1.7 2.4 
rT) 10 ‘ 0.1 10. 
100 0.6 ‘ 
The crux, then, ol the Goodman-Stern method is the determination 
of the first trace of turbidity. From the results obtained it is evident 


that, with satisfactory illumination, this turbidity has been produced, at 
least in the present experiments, with quantities of albumin less than the 
minimum determined by Goodman and Stern for egg albumi Further- 
more, if the method is a quantitative one, an albuminous urine, when 
diluted, say ten times, should produce the first trace of turbidity with 


] 


exactly ten times the minimal quantity required with the undiluted urine 


But such a result has not been obtained. It has always requir ela- 
tively less diluted urine (see Table 2) to attain the first turbidit) It 
is evident, therefore, that the albumin or other material which causes the 
turbidity is not precipitated by Tsuchiya’s reagent at a fixed point 


concentration. Since the estimated quantities of albumin were invariabl: 
very high (see Table 1) when compared with the gravimetric and 
Tsuchiva’s findings, the method was discarded, and attention was directed 


to Tsuchiva’s modification of the Esbach method. 


7. To avoid error in noting the first trace of turbidity the tubes were, in m 


other workers in the laborator 


instances, inspected independently by numerous 
The titrated tubes were placed in a 
no case did the various observers fail t 


ack with untitrated tubes for controls Ir 


detect the turbidity in the titrated tubes 
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A Jarge amount of preliminary work was done before commencing a 


systematic examination of pathological urines. Serum albumin was dis- 


solved in distilled water and in normal urine, solutions being thus pre- 


pared containing quantities of albumin varying from 0.5 to 7 gm. per 


liter. Duplicate sets of tubes were then treated with the Esbach and 
phosphotungstic reagents, and after twenty-four hours the results were 
compared with gravimetric findings. The precipitate from Tsuchiya’s 
reagent invariably settled more evenly and read closer to the weighings 
than did the Esbach. After further comparisons as to dilutions, specific 
ravity, acidity, etc., a study of pathological albuminous urines was begun 


and has been carried on for several months along the following lines: 


1. A record has been kept of the diagnosis of the case, together wit! 
he specific gravity and reaction of each urine tested. 


2. The albumin content of each urine has been estimated by both the 


cases bv 


Esbach and phosphotungstic methods and controlled in all 


rravimetric determinations; in all but ten cases the Kjeldahl] method has 


been used as an additional check. 
In urines with a high albumin content several dilutions have 


’ 
I 


usually been made, each dilution being a check on the one preceding and 


affording an index to the evenness of precipitation. 


!. Studies have been made as to the effects of temperature on 


cipitation, duplicate sets of tubes being placed in temperatures of 0° ¢ 


and 37° C. and at room temperature. 
5. The precipitates obtained with the gravimetric, Esbach and phos- 


photungstic methods have been tested by Kjeldahl determinations as to 


relative nitrogen content. 


6. A series of normal urines has been tested by both the Esbach and 


irs under thes 


Tsuchiva reagents to determine whether a precipitate occu 


?. A special series has been run to determine what effect, if any, sugar 


in the urine has on the precipitation of albumin. 


8. Experiments have been made to determine whether twenty-four- 
hour readings are more correct than readings taken at other times. 
%. Finally. urines from two patients in the wards of this hospital 


veek to determine whether Tsuchiva’s 


have been estimated daily for a 
reagent can be depended on to indicate a rise or fall in albumin content. 
In neither the phosphotungstic nor the Esbach methods have the 
irines been diluted to a spec fic gravity of 1.006-08,. the object ing to 
get results which would be given by the method as generally used. All 
eadings given were made at the end of twenty-four hours. For the sake 
t eadings taken at oths ours are omitted. 
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PHOSPHOTUNGSTIC 


METHOD 


rEMPERATURE 


Sp. Gr 
1012 
1014 
1018 
1015 
1018 
1022 


1018 


1020 


1016 


11g 


1011 
101s 


1013 


LOLS 


Kjeldahl 
Gm. Per 
Litet 


x 


Gravi Phosp! 
metric tungstk 
Gm. Per Gm 
Liter Liter 
8.2 7.5 
5.15 8 
2.7 -.6 
952 o4 
71 3.4 
4.49 1.2 
S.1 Ss 
4.05 s 
2.7 2.5 
> Non 8 
1.62 1.5 
1.35 1.3 
1.157 1.1 
1.01 1.0 
24.2 
6.05 59 
025 og 
2.5 2.4 
14.05 
S78 Os 
1.003 1 
1.405 1 
1.75 1.7 
2.34 ° 
2.81 0 
51 - 
4.68 a 
1.41 14 
1.29 1.2 
S6 on 
2.47 : 
1.8 1.7 
16.7 
1.67 9 


AT ORDINARY 
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Gravi- Phospho 
Kjeldahl metric. tungstic. Esbach. 
Gm. Per Gm. Per Gm. Per Gm. Per 


N Diagnosis Dilutions Sp. Gr Liter Liter Liter Liter. 
i6 Cardia 0 1014 3.5 3.5 2.1 
17 Nephritis 0 1015 2.63 2.45 1.7 
18 Nephritis 0 1019 2.74 2.6 1.7 
19 Chr, nephritis v 1012 3.75 3.5 2.1 
20 + ©Surgical 0 1014 1.3 1.2 1.0 
21 Cardia 0 1011 3.27 3.1 1.7 
22 = =Nephriti-« v0 1017 6.45 6.2 4.3 
2% Pleural eff n 26.7 

1t 5 5.34 i) 4 

1 to 10 2.67 2 2.0 

1 to 1 1.78 1.8 0.9 
=4 Nephrit 1U16 4.34 4.2 3.4 
25 Nephriti- 1016 3.9 3.6 2.1 


\n inspection of ‘Table 3 clearly shows that at ordinary room tem- 
perature the phosphotungstic method is more accurate than the Esbach 
for both small and large amounts of albumin. In two of the 23 urines 
the precipitate failed to settle with the Esbach reagent, and in one it 
floated ; such results rarely have been observed with Tsuchiya’s reagent. 
Disturbance of the precipitate is sometimes seen in urines containing 
an excess of carbonates. It is due to liberation of gas upon addition of 
the acid reagent, and is easily remedied by first treating the urine with a 
little acetic acid. The average, greatest, and smallest difference of both 
methods from the albumin content as given by Kjeldah! and gravimetric 


determination, is as follows: 


Average Diff Greatest Diff Smallest Diff 
Esbach == 1736 28 0.3 
Phosphotungstic - 0.297 0.8 0 


In the phosphotungsti method urines need not be diluted to a con- 
stant specific gravity, nor need the albumin content be read below 4 gm. 
per liter, as is necessary in the Esbach method. The reagent is itself 
lighter than water and acts as a diluent for urines with which it is 
mixed. 

The results from two pleural effusions indicate that the method can 
be used quantitatively in these cases. Tsuchiya has obtained similar 
results. 

All twenty-four-hour readings are approximately correct. Some urines 
could be read at twelve hours, but this finding is not constant and the 
saving of time would not be of much practical importance, the twenty- 
four-hour interval being a very convenient one. 
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The figures given above are the result of work carried on at all 


seasons 
of the year, and it is evident, therefore, that the phosphotungstic method 
is always reliable, provided extremes of temperature be avoided. The 
effects of such extremes on both methods are indicated in Table 4. Dupli- 
cate sets of tubes were placed in the thermostat and ice-chest, and left 
at room temperature. 


TABLE 4 TEST OF THE PHOSPHOTUNGSTIC METHOD AT VARIOUS 
TEMPERATURES 


Gravi Phospho 
Kjeldahl. metri« tungsti« 
Gm. Per Gm. Per Gm. Per Esbach 
No remp Diagnosis Sp. G1 Liter Liter Liter Gm. Per Liter 
1 Room Nephritis 1015 ,.65 3.68 3.5 1.9 
orc 7 CU. mark 
37°C. 1.9 0.8 
2 Room Nephritis 1020 1.76 4.8 4.65 3.2 
oe ¢ 7.5 Above U. Mark 
37°C. 23 Ppt. floated 
3 Room Nephritis 1016 3.41 3.42 3.3 2.1 
oF ¢ 6.9 12.0 estimated 
37°C ‘‘ontracted Floated 


The presence of sugar in albuminous urines is of little importance in 


applying the phosphotungstic method. Tsuchiya’s reagent will not pre- 
cipitate sugar from solution in distilled water or in normal urine. 


rABLE 5 *“HOSPHOTUNGSTIC METHOD IN SUGAR CONTAINING URINES 


Phospho 
Kjeldahl Gravimetri tungsti« Esbach 
Gm. Per Gm. Per Gm. Per Gm. Per 
Diagnosis Sp. Gr Liter Liter Liter Liter 
Nephritis 1018 3.9 ‘ 3S 2.5 
2 per cent. glucose To 2.4 
5 per cent. glucose 1030 3.9 } 3.55 2.1 


The urine given in Table 5 is one of the several tested, and the results 
show that a glycosuria of as much as 5 per cent. may exist without caus- 
ng serious error in the phosphotungstic readings. 

Tsuchiya states that his reagent does not give a precipitate in normal 
urine. Fifteen normal urines were tested with his reagent, and a slight 


nis 


precipitate was obtained in each case. Experiment has shown that 


precipitate in normal urine does not interfere with readings of 0.5 gm 


} 


per liter and above. It would be interesting, th 


erefore. to conduct 2 
’ 


series of experiments, using finely graduated tubes in order to determine 


just how constant this precipitate in normal urine is, and to what extent 


t would interfere with albumin estimation in febrile urines. The Eshach 
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solution gave a precipitate in only 5 of the normal urines, but its pre- 
cipitation of albumin is too irregular to determine accurately a rise or fall 
of small amounts. The precipitate thrown down in normal urine by 
Tsuchiva’s reagent is a mixture of organic and inorganic material, con 
sisting largely ol phosphates. 
lable 6 shows the uniformity with which albumin is precipitated by 
osphotungstic acid. Duplicate sets of calibrated tubes have been used 
each urine tested, two tubes being filled with the Esbach and two 
the phosphotungstic reagent, 


rABLE 6 CONTRAST AS TO UNIFORMITY BETWEEN PHOSPHOTUNGSTIC AND 
ESBACH METHODS 


Kjeldah Gravimetri Phosphotungsti Esbach 
Gm. Pe Gm. Per Gm. Pet Gm. Pe 
I Diagnosis. Sp. G Lite Lite Lite Lite 
N Nephrit LOLS 2.57 2 6 2.4 7 
N 2 a4 1.4 
N Card 1O11 oO 3.27 3.1 1.7 
‘ y.4 l 1 
hese are urines 17 and 21 of the series given in Table 5. Variations 


er 0.1 gm. are the exception with the phosphotungstice and the rule 


the Esbach method, in which variations of 0.5 to 1 gm. per liter 
not uncommon. 
e experiments have been concluded by following dailv for a week 
e urines of two nephritics on the wards of the Johns Hopkins Hos- 
ital, to determine whether the Tsucl 1 method can be relied on to in 
te a rise or fall in albumin content. The results in both cases were 
( satisfacton The albumin output for a week in Case 1 Is shown 
he accompanving Chart, and an Inspection ol the chart shows the close 
wlelism between the Tsu 1 and Kjeldahl methods, as well as the 
( } ot the Es ale 
\n inspection of all the In je da and gravimetric estimations shows 
at the Kjeldahl readings are almost invariably a little under those 
tained by weighing. The Kjeldahl estimations were made on the albu- 
! rom 10 ¢.c. of urine obtained in exact] the same way as [for gra 
etric determinations, and the two readings should agree exactly. The 


must be due to the fact that (a) moisture is not completely expelled 
om the albumin on drving or is absorbed during weighing; or (b) 
at the albumin as obtained is not 100 per cent. pure according to 
trogen content. The actual nitrogen content of the precipitates thrown 
vn bv gravimetric, phosphotungstic and Esbach methods is given in 


e 7, according to Kjeldahl estimation made on three different urines. 
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TABLE 7 NITROGEN 


GRAVIMETRIK 


CONTEN 


Or 


Gravimetr I’pt rh 
Albumir 
No Nitrogen. Gm. 1 Lit Nit 
1 65 2.28 
2 4 sow 7 
618 SO 5 
It is thus seen that both Esha 
a precipitate which contains more 
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VATTICH 


PRECIPITATES 


rHROWN DOWN BY 


AND ESBACH METHODS 
sphotungstic I’pt Esbach I’pt 
Albumin All it 
ger Gm. Per I Nitrogen. Gm. IT’ I 
s 1G 612 x2 
4.37 S24 1 
6 $.13 784 io 
and Tsuchiva reagents throw dow1 
nitrogen than that present in the 
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Chart showing albumin output in Case 1 for a we estimated IN j ihl 
phosphotungstie and Esbach methods 
albumin. Some of the other n yore = material in the ne 
fore, must be carried down b ith precipitates. somewhat more s 
the Esbach, as the results show. 

In order to avoid as far as possible the error of personal equation 
itther workers in the laboratory have been asked to take the readings 
and many of the figures given abov ave been so obtained With « 
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exception the results fully confirm Tsuchiya’s findings and warrant the 
following general summary : 

1. The phosphotungstic method is very much more accurate than 
the Esbach for a comparative quantitative estimation of albumin in the 
urine. Tsuchiya’s reagent should, therefore, supplant the Esbach solu- 
tion. 

2. The method can be relied on to indicate a slight rise or fall in 
albumin output, which is not true of the Esbach. 

3. Readings are not influenced by changes in temperature to the 
same extent as with the Esbach. 

t. Foaming or floating of the precipitate is rarely seen, and the pre- 
cipitate settles much more evenly than with the Esbach reagent. 

5. The solution is lighter than water, and when added to urine 
does not mix until shaken, but rises as a clear supernatant fluid, 
enabling one to read the meniscus accurately at the R mark on the 
Esbach tube. Because of its low specific gravity the urine needs no 
further dilution. 

6. The method can be used for large amounts of albumin as well 
as for small amounts. (See Urine 22, Table 3.) 

7. Tsuchiya’s reagent is applicable in urines where albuminuria and 
glycosuria coexist. 

8. Phosphotungstic acid in alcoholic solution is easily prepared. 
keeps well, and does not stain hands or clothes, as does the Esbach 
reagent. 

9%. Normal urines treated with Tsuchiya’s reagent yield a slight pre- 
cipitate. 

10. The method of Goodman and Stern has proved to be very inac- 
urate 

In conclusion I wish to thank Dr. L. F. Barker and Dr. W. 8 
Thayer, also Dr. E. Libman, for their kindness in placing at my dis- 
posal material from their wards; Dr. S. Bookman for his many valuable 
suggestions and the use of his laboratory and equipment; and especiall 


1 


Dr. R. S. Morris, to whom I am indebted for advice and assistan 
throughout the 


whol course of the work 


| Jackso Place 
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and as but very 


nost Eenelish and 


re protozoa, It has 


In ¢ p demiol cy. 


the diagnosis and 


hesides the forms 


f development. o1 


of malarial plasmodia concerned in the human cycle ¢ 
schizogony, certain othe rms W are intended to develop only within 
the mosquito. The observations Schaudinn' regarding parthenogene- 
sis of the macrogamete within man have not been confirmed by man 
bse rvers, and l. althvye eo] | most careful examined many cases 
have not been abl to demonstrate the ormis ces od ~, ying 
as parthenogenet ik forms. Therefore n the absence of more definite pro 
than we vet possess, | 7 ( at if is r tof wisdon consice t 
question ot parthenogenesis as an pen one. and that the sexual forms « 
the malarial plasmodia occurring ms the ( of mat ! apratyne 
development only witl Nn the n s(] t 
Of the sexual forms, the mal ! nown as microgamet tes and the 
female as macrogametes: while bot rms a nerally referred to as 
gametes or gametocytes, wire Spoken ¢ ective While no true deve 
This report by Dr. Craig. ¢ tau \l ieal ¢ ps, | S. Army . f 
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mission of the Surgeon-Genera ft Army 
! eitserregende Prot n, Arb. a 


l. Sehaudinn, | Stu 


Gsndhsamte, 1902, xix, 160 











an) SENVODAL FORMS Ol VALARIAL PLASMODIA 
nt of these ies s within man the blood containing t n 
» removed from th the microgar s frequent underg 
vellation. and produce ” otile amentous forms, known as micro- 
metes In very rare nstances individual microgametes may Db 
served to penetrate a macrogamete, representing a process of fertil- 
tion normally occurring wit the middle intestine of the mosquito. 
The differentiation of the sexua orms or gametes Is not a very diffi- 
matter. although the opposite opinion appears to be general prev- 
nt The estivo-autumnal gametes, because ¢ eir crescent shape 
n fully developed, are easily recognized, even novice in malarial 
trasitology vut the ntracorpus ar stages the dev opment ol t 
imetes of all of the species nlasmodia are more difficult of recogni- 
n, although with a clear knowledge their morphology and a little 
yractice, all of their stages of development ma e differentiate in 
ned specimens ¢ od wit the exception of the ver earliest intra- 
puscular stage, in W the 'p legy is still a matter of dispute 
; developed gametes Plasme m vivax (the tertian plas- 
mm} and Plasn r (the quartan plasmodium) are eas 
} ntiated when one = thoroug cquainted wit their morpholog 
In discus ne the sex ! rms I mala al plasmodia found in 
nan. it is necessarv to consider e gametes in general, and the macr 
imetes, microgametocytes, an gametes, ( each =species, In 
mart ir. 
PHE RELATIVE PROPORTION OF MALE AND FEMALE GAMETES 
But few observations e been n e on the elative proportion © 
wametocvtes and macrogametes which cecur in e peripheral od 
man. As these forms n eat differentiated, it is rather sur- 
rising that the observations upon this phase of our subject are so lim- 
d. tl est being thos St ens and stophers? and Rugs 
Stephens and Christophers st ed the subj n estivo-autumnal infe 
zs and ind the proportion to be 53 1 rogametoeytes (male) to 33 
icrogametes (female) ; while Ruge, in a large number o benign tertian 
nfections found that the relative proportion varied great in different 
ndividuals. in some there being practica equal numbers of n ale and 
male gametes. wl] le in others on ne microgametocyvte was It ind to 
0 macrogametes 
2. Stephens, J. W. W ( stophers. S. R Ihe Agglutination of Spor 
ites Rep Malarial ¢ n i ~ Lor IS80-1900, Series 3. p. | 
§ Ruge, R Fragen un Probleme der modernen Malariaforsehung, Cen 
ralbl. f. Bakteriol. u. Parasiter 1002, xxxili, 776 
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| ave Irequently served nstances f estivo-autum! nie 
in which the proportion of microgamet tes 10 macrogametes Was as 00 ft 
5; and I believe that in this tvpe of infection the male form always 
numbers the female, and that the same s pre tru n tertian al 
quartan niections. 

Schaudinn! asserted that after tertian malarial infections had pet 
sisted for some time, t miiclowamne es va sappeare nt ; 
the peripheral bloo nt I y macrogametes were foun lt P 
estivo-autumnal infections | have observed just the opposite, the n 
vametocytes being the last to disappear Irom the pel era slood It 1s 
questionable, owever, as to how much weight should be placed on the 

Fig. 1 \ young macrogamete of Plasimod ad the tertian plas 
modium Note the darker color and the larger amount of pigment tl is pres 
ent in the microgametocvtes shown in Figure 2; the irger size of the org sn 
and the more distinet outline, showing more intense staining x 1200 
relative proportion of the gametes as serve n the periphera 
Lor t is probable that itis notal ‘ dex of the exact proportion pres 
ent in the body. 

rHE MORPHOLOGY OF THE SEXUAL FORMS OCCURRING IN) M 

In considering the 1 ) uv the se 0 - s necess 
describe t gametes Of each species, as Serve n bot esh al : 
specimens of blood. The description give ol the n p ‘ tine 
various forms will include only the salient diagnostic points, and \ 
found true of the vast mayjorit I piasmodia eXamined, althous r 
quent deviations will : ‘ essure In pre the spe 
men or artefacts produce ny the staming process The stain whi 
I used was Wright s mo cation the Romanows rhe MI 
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ol VALARIAL PLASWVODIA 
HE SEXUAL FORMS OF PLASMODIUM VIVAX (THE TERTIAN PLASMODIUM) 
Fresh Preparations, In cs preparations it is practically IN) pOssi- 
e te al stinguish ‘ svametes “ ,? s TEL i ic 6oTrom the scnizonts 
{ rms OF thy human eVCie ) nt Lie it developed. While ndi- 
dual gametes may contain a larger amount of pigment, which is coarse 
n structure, than do the s onts, this distinction cannot always be 
! le while the hvaline stage cannot e distinguished bv the loss of the 
ng-form,” as this form is fre juent absent in tertian infections 1 
which gametes have not developed When the gametes are fully devel 
ped, however, thev n Ly be is listinguished from the fully developed 
mt. and the male and female forms may be readily differentiated. 
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protoplasn is ess gran ir, aba tiie pigment Ss venera list 
throughout the protoplast pigmel ~ irgel nt a ! 
the macrogamete and Is slugyis motile yhen the vy <1 < =f 
een liberated [rom the edt COrPUsEle nm WwW t as «le ay In ‘ 
fully deve oped form the plogment may ( mimotilte, and ims ! hstances 
instead of being collects n clumps ab the periphery of the red 
or in a wreath-like manne near thre entel is In the mae vatnet I 
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Fig. 3 \ fully developed macrogamete of Plas liu r Ne " 
rod-like pigment granules, the chromatin collected in a dense mass at ¢ side of 
the organism, and the distinet appearance of the organisn le tot ‘ . 
ing of the protoplasm 1500 
ation, during w tin v - ive 
microvgametlocyv te ile ! ey I erate ‘ t 
The microgametocytes v ( ndergo this r is 
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of flagellation the pigment of the microgametocyte tends to collect toward 


e organism and Is arranged in a more or less compact 


the center ot t 
mass 

\fter lashing about for a variable time, one, or perhaps all, of the 
microgametes succeed in freeing themselves from the parent body, and 
disappeat among the red blood corpust les. In rare instances one of these 
free microgametes may be observed attached to a macrogamete, but this 
is altogether exceptional, and such bodies should be distinguished from a 
lagellating microgametoc vie. 

The Living Microgamete.—In fresh blood preparations the micro- 
gamete appears as a thread-like, hyaline body, which possesses a serpen- 
tine motility, enabling it to progress among the red blood corpuscles which 


are moved about during its passage. It is often discovered in fresh prep- 





Fig. 4 \ fully developed microgametocyte of Plasmodium vivax. Note the 
fine pigment granules, the larger amount of chromatin, arranged in a loose net- 
work, instead of in a solid mass, as in the macrogamete, and the indistinct 
appearance of the organism due to its poor staining quality x 1500. 


arations by the very apparent movement of the erythrocytes in its vicin- 





ty. Asa rule, the microgametes are very slender bodies, but sometimes 
short stout forms are observed, the significance of which has not been 
determined Very frequently one extremity of the microgamete is 
clubbed, while the opposite extremity is sharply pointed, but usually after 
liberation both extremities are sharply pointed. The length of the micro- 
gamete varies, the usual measurement being from 16 microns to 20 
microns, but forms have been observed measuring as much as 40 to 50 
microns, or even more, A Cw pig ent eranules may sometimes be 
observed within the microgametes and this pigment is apparently rapidly 


extruded, for no pigment is ever observed in microgametes which have 
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become attached to macrogametes. The variation in the length of th 
microgametes Is more marked in the tertian species than in the quartan 

or estivo-autumnal species, and short, rather thick forms are frequent 

observed along with long slender forms, in infections with this parasite. 
Stained Preparations.—U nlike fresh preparations, in stained prepara- 
tions the young intracorpuscular stages of the tertian gametes may be 
recognized. This is true of all but the very earliest intracorpuscular stage, 

in which the gamete is with great difficulty differentiated from th. 
schizont. While this is true, it is possible, even before the development 
of pigment, to differentiate the gametes by their staining reactions. When 
stained by the Wright method all forms of the malarial plasmodia present 
the same fundamental staining reactions. but differences are observed in 

the intensity of the reaction in the various stages of growth, and in the 

Fig. 5 A macrogamete of Plasmodiun faleiparu the tertian estivo 

autumnal plasmodium Note the slender form of the cresent, which is chara: 

teristic of the macrogametes x 1500 

forms concerned in sporogony and schizogon\ The protoplasm stains 
blue: the chromatin of the nucleus a bright red or violet: while the 
achromatic portion of the nucleus remains unstained. The only variation 


which occurs 1n the staining reaction of the Gametes consists in the le rres 


of color imparted by the stain to the various forms. The tertian gametes 
when stained by this method consist of a mass of blue protoplasm. enclos 
ing the red-stained chromatin: the achromatic portion of the nucleus is 


not always d stinet. and the oung gamete is considerab!] larger than the 


voung schizont. The pigmented gamete contains more pigment than do the 


developing sc} zonts, wl e the chromatin shows no evidence of division 
and distribution throughout the rotoplasm, being arranged in sma 
irregular masses confined to one portion of the organism. or broken up 
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nto fine fibrils, surrounded by an unstained area, which is again sur- 


the preparation of the specime The following data are of service in 
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amount and stains a brilliant crimson. The pigment is almost black in 
color in stained preparations and arranged in irregular masses near the 
periphery or in a wreath-like manner about the center of the parasite. 
The pigment is usually in the form of rods, measuring from 1 to 3 
microns in length. 

The Stained Microgametocyte.—In stained specimens the microgam- 
etocytes of Plasmodium vivax vary in appearance during the various stages 
of development. The young microgametocytes stain a very pale blue and 
contain a comparatively large dot of intensely stained chromatin. The 
fully developed microgametocytes present a very poorly stained proto- 
plasm, the blue tinge being so faint in many instances as to be dis 
tinguished with difficulty, the protoplasm appearing hyaline. The chro 
matin is always large in amount in all stages of development and stains 
an intense red. In microgametes which are about to liberate flagella, the 
chromatin is observed to be divided into from four to eight masses, which 
are arranged about the periphery of the organism, and these forms are 
sometimes mistaken for sporulating quartan plasmodia. The pigment is 
larger in amount than in the schizonts or the macrogametes, and stains a 


greenish blue color. It is in the form of fine grains or short very slender 


rods. If microgametocytes which have liberated the microgametes or 
flagella be studied in stained specimens before the microgametes have 
separated from the parent body, it will be observed that the chromatin of 
the parent body may be traced into the flagella. In some instances it will be 
seen that all of the chromatin has become collected in the microgametes, 
the microgametocyte being free from this substance, although in most 
instances a few irregular clumps, minute in size, may still be observed 
within it. It is evident from this observation that most of the chromatin 
of the microgametocyte is expended in the formation of the microgametes. 

The chromatin in the microgametocytes is always larger in amount 
than in the macrogametes, and is collected in the form of rather thicl 
febrils arranged in irregular masses in the protoplasm, the whole being 
surrounded by an achromatic zone. It is never distributed in regular 
masses throughout the protoplasm as it is in the schizonts prior to or 
during sporulation. In stained specimens the shape of the microgameto- 
evte is oval or circular, but it may be distorted during the preparation of 
the specimen. 

Differentiation of the Tertian Microgametocyte from the Macro- 
gamete.—The microgametocyte of Plasmodium vivax may be readily di 


ferentiated from the macrogamete by attention to the following points: 
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1. The microgametocyte is smaller than the macrogamete. 

2. In fresh specimens the microgametocyte has a greater amount of 
pigment than the macrogamete and the peculiar “swarming motion” of 
the pigment serves to differentiate this form of the plasmodium from the 
full-grown schizont, in which the pigment is motionless; and from the 
macrogamete, in which the pigment is arranged in a wreath-like form and 
is either motionless or very sluggishly motile. The pigment in the micro- 
gametocyte is in the form of fine granules or very short slender rods, 
while in the macrogamete the pigment is in the form of large thick reds. 

3. The protoplasm in living specimens of the microgametocyte is less 
granular in structure. 

t. The presence of the microgametes or flagella in the microgameto- 
cyte and the process of flagellation. While flagella may very rarely be 
seen attached to macrogametes, it is generally easy to distinguish this 
form because of the peculiar character of the motility of the microgamete 
in its endeavor to penetrate the ma rogamete. 

5. In stained specimens the greenish-blue stain of the protoplasm in 
the microgametocyte serves to distinguish it from the macrogamete, in 
which the protoplasm is stained a deep blue. 

6. The microgametocyte has a larger amount of chromatin, collected 
in masses, the whole surrounded by an achromatic zone, while in the 
macrogamete the chromatin is small in amount and is in the form of 
minute dots or very delicate fibrils, collected near the periphery of the 
parasite, surrounded by an achromatic zone. 

The Stained Microgametes.—In stained preparations the micro- 
gametes or flagella of Plasmodium vivax are observed to be composed 
of a slender lengthened mass of protoplasm which stains a pale blue and 
which contains a certain amount of chromatin, stained a brilliant crim- 
son. ‘The chromatin may be situated near the center of the organism in 
the form of a more or less regular mass, or it may be distributed 
throughout the protoplasm in the form of minute granules, or extend 
in the form of a broken thread along the greater portion of the 
length of the microgamete. Before liberation from the microgam- 
etocyte the microgametes often present a free clubbed extremity, 
but after they have become detached from the parent organism 
the extremities are always pointed. In general appearance the micro- 
gametes resemble the spirochetes, but they are not regularly curved and, 
of course, the staining reactions, and the more delicate appearance of the 
microgametes serves to distinguish them from the latter. The chromatin 
is very large in amount in the microgamete and not infrequently organ- 
isms are observed in which it is very difficult to distinguish any proto- 
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plasm, the entire organism appearing to be composed of chromatin. For 
this reason the microgametes are often overlooked in the examination 
of malarial blood, but if attention is paid to this point it will be found 
that not a few stained preparations contain this form of the organism. 


THE SEXUAL FORMS OF PLASMODIUM MALARL® (THE QUARTAN 
PLASMODIUM ) 


Fresh Preparations.—The gametes of Plasmodium malaria are very 
similar to those of Plasmodium vivar, and for this reason will b 
described but briefly. In their early stages of development they cannot 
be distinguished from the schizonts, in fresh blood, but when they are 
fully developed they may be distinguished by their larger size, the absence 
of sporulation, and the greater amount of pigment present. 

The Living Macrogamete.—The quartan macrogamete is larger than 
the schizont when fully developed and differs from the latter in possessing 
a more granular protoplasm and a greater amount of very coarse pigment. 
We cannot depend on the motility of the pigment and its arrangement 
in differentiating this form of the quartan plasmodium, for in the quar 
tan schizont the pigment is often observed to be arranged in large 
clumps about the periphery; but a well-marked wreath-like arrangement 
of the pigment about midway between the center of the organism and 
the periphery is very characteristic of the macrogamete. The process of 
flagellation is never observed in this form of the organism. 

The Living Microgametocyte.—The description of the microgameto- 
cyte of Plasmodium vivax, already given, applies equally well to the 
microgametocytes of Plasmodium malaria. We observe the same devel- 
opment of microgametes or flagella; the same relative proportion of pig 
ment; and the same peculiar “swarming” motility in this pigment. In 
size the quartan microgametocyte is slightly larger than the schizont. The 
pigment is coarser in character than in the tertian microgametocyte. 

The Living Microgamete.—The microgamete of the quartan plasmo- 
dium is smaller than that of the tertian, but is otherwise similar. | 
believe that if it were possible to compare the two forms in fresh speci- 
mens, the quartan form would be found to be considerably thicker than 
the tertian, and less actively motile. Aside from the difference in length, 
which may amount to several microns, it is impossible to distinguish the 
tertian from the quartan microgamete. 

Stained Preparations.—In stained preparations the gametes of Plas- 


modium malaria resemble very closely those of the tertian plasmodium, 


though they are smaller and stain more intensely. In their earliest intra- 
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corpuscular stages of development they may be distinguished from the 
schizont by the situation of the chromatin dot within the ring of proto- 
plasm, and the absence of a distinct achromatic zone. When fully devel- 


oped they may be distinguished by their larger size; the difference in 


their staining reactions; the absence of indications of sporulation; and 
the arrangement and amount of the chromatin. 

The Stained Macroqamete.—The protoplasm of the macrogamete 
stains a deep blue and the chromatin a dark crimson. When fully devel- 
oped the macrogamete measures from 10 to 12 microns in diameter, so 
that it is considerably larger than the fully developed schizont; the 
chromatin is collected at some portion of the periphery in the form of fine 
fibrils or small masses, surrounded by an unstained space; the pigment 
is coarse and is distributed throughout the protoplasm, and there is never 
any indication of the division of the chromatin, so characteristic of the 
schizont when it has reached the same size. The shape of the organism 
is always oval or circular when the smears have been carefully prepared. 

The Stained Microgametocyte.—The protoplasm of the quartan micro- 
gametocyte stains a pale blue which serves to distinguish it very readily 
from the deep blue macrogamete. The chromatin is large in amount, 
stains a deep red or violet, and is arranged in a loose skein, composed 
of definite fibrils or eranules, situated to one side of the center of the 
organism. It never shows the evidences of division characteristic of the 
chromatin in sporulating parasites. The quartan microgametocyte 1s 
much smaller than is the tertian and the staining reactions are more 


pronounced. 


The Ntained Vicrogamete.—The microgametes f Plasmodium 
malarie are indistinguishable in stained preparations from those of Plas- 
modium vivax, and the description already given of the latter answers 


equally well for the microgametes of this species. 


rile SEXUAL FORMS OF TILE ESTIVO-AUTUMNAL PLASMODIA 


The sexual forms of Plasmodium jaiciparum (the tertian estivo- 
autumnal plasmodium) and of Plasmodium falciparum quotidianum (the 
quotidian estivo-autumnal plasmodium) are commonly known = as 
“crescents,” and these are the only malarial gametes having a crescenti« 
shape. For this reason, when fully developed thev are very easily differ 
entiated from the estivo-autumnal schizonts, and from the tertian and 
quartan gametes. In the voung intracorpuscular stage of development 
the crescentic shape is not present, and at this time the estivo-autumnal 
gametes are indistinguishable from those of the quartan species, When 


fully developed the male and female gametes are very easily distinguished 
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from one another. It should be remembered that the presence of cres- 
centic gametes invariably indicates an estivo-autumnal infection, and 
further, that such infection is transmissible to the mosquito. 

The differences between the gametes of the tertian and quotidian 
estivo-autumnal plasmodia consist chiefly in variation in size and shape, 
the general morphology of both species being identical. For this reason 


e considered together. the salient points ot diffe rence iY Ing 


they will 
spoken of in the general description. 

The estivo-autumnal gametes, like those of Plasmodium vivar and 
Plasmodium malaria, develop within the red corpuscles, from which they 
are finally liberated by the degeneration of the latter. The microgam- 
etocytes then undergo flagellation and produce the microgametes, the cres- 
centic microgametocyte having previously become oval and then spher- 
ical in shape. The macrogametes also become oval and spherical in shape 
before fertilization by the microgamete, and it is probable that important 
maturation changes occur in this form during this period of development. 

Fresh Preparations.—The earliest stage in the development of the 
estivo-autumnal gamete cannot be differentiated from the young schizont, 
but after the formation of pigment the gametes are distinguished by a 
larger amount of the latter; their ovoid or crescentic shape, even in early 
stages of development within the red corpuscle; and their slighter degree 
of ameboid activity. The protoplasm of the gametes, especially of the 
macrogametes, is more granular in structure; the pigment is darker in 
color, and the organism is more refractive and sharply outlined. As 
development proceeds the infected red cell shrinks about the gamete, 
forming an envelope, which is very noticeable between the poles of the 
crescent, where it projects and forms what is known as the “bib” of the 
crescent. 

The Living Macrogamete-—The macrogamete of Plasmodium falci- 


parum, when fully developed, measures from 11 to 15 microns in length 
and from 3 to 5 microns in breadth, while that of Plasmodium falciparum 
quotidianum measures from 8 to 9 microns in length. In both species the 


macrogametes are distinguished from the microgametoevtes by their more 


slender form and the arrangement of the pigment. The protoplasm o 
the estivo-autumnal macrogametes is very opaque and granular in appear- 
ance, even in early stages of the development of the organism within thi 
red corpuscle. The pigment is dark brown in character, and after the 
destruction of the infected red cell is arranged in a dense mass or in a 
wreath-like manner, at or near the center of the organism. The fully 


developed macrogamete possesses a clearly cut. single outline: a very 


granular, opaque protoplasm, and a considerable amount of rod-like pig 
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ment, situated near the center of the crescent. Preparatory to fertiliza- 
tion the crescentic form is lost, the macrogametes first becoming oval in 
outline, and then circular, while the pigment becomes divided into small 
clumps arranged in a perfect circle surrounding the center of the para- 
site. Reasoning from analogy, it is probable that during this change in 
shape important changes are occurring in the nuclear chromatin, in the 
nature of reduction phenomena. Such changes have not as vet, however, 
een demonstrated. While the production of the ovoid and round forms 
from the macrogamete occurs normally within the middle intestine of the 
mosquito, the process is very frequently observed in blood which has been 
removed for some time from the body. ‘The quotidian estivo-autumnal 
macrogamete is smaller than the tertian form; has a smaller amount of 


pigment, which is granular rather than rod-like in structure; a less gran- 


ular protoplasm ; while the extremities of the crescent are pointed instead 
of rounded, as they are in the tertian estivo-autumnal macrogamete. 

The Living Microgametocyte.—The microgametocyte of Plasmodium 
falciparum, when fully developed, measures from 7 to 10 microns in 
length, and from 4 to 6 microns in breadth, while that of Plasmodium 
falciparum quotidianum measures from 6 to 7 microns in length and is 
slightly broader than the tertian microgametocyte. Both are kidney- 
shaped rather than crescentic, a fact which renders their differentiation 
from the estivo-autumnal macrogametes a matter of little difficulty. The 
protoplasm is less opaque and granular than that of the macrogametes, 
while the pigment is in finer particles and may be distributed throughout 
the protoplasm of the crescent or even collected in clumps at one pole of 
the crescent. The pigment is generally sluggishly motile, while the para- 
sites are still intracellular and become very actively so just prior to flag- 
ellation. 

After the total destruction of the red corpuscle in which they have 
developed, the estivo-autumnal microgametocytes flagellate in the same 
manner as do the microgametocvtes of the tertian and quartan plasmodia. 
The kidney shape is lost, the organism becoming ovoid and round; the 
pigment becomes very motile; the protoplasm appears violently agitated ; 
and suddenly the microgametes are extruded as very delicate, motile fila- 
ments, numbering from two to four, and, rarely, even more. After lashing 
about for a while the microgametes become detached from the parent 
body and disappear among the red corpuscles. This process occurs nat- 
urally in the middle intestine of the mosquito, but may frequently be 


witnessed in blood containing microgametocytes, after it has been 


removed for some time. 
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The quotidian estivo-autumnal microgametocyte differs from that of 
the tertian estivo-autumnal species in the following particulars: sma!ler 
size, seldom measuring over 7 microns in length; the smaller amount otf 
pigment; and the very plump shape of the organism, closely resembling 
that of a lima-bean. 

The Living Microgametes.—The microgametes of the estivo-autumnal! 
plasmodia are indistinguishable from those of the tertian and quartan 
plasmodia, consisting of delicate, motile filaments, resembling spirochetes 
in fresh blood preparations. We possess no data which enable us to 
differentiate the microgametes of the various species of the malarial plas- 
modia from one another in either fresh or stained material. 

Stained Preparations.—In stained preparations the estivo-autumnal 
gametes are easily differentiated from the schizonts, even in an early stag 
of development. Before the development of pigment the gametes may be 
distinguished from the schizonts by their spherical shape and the lack of 
the “ring” form so characteristic of the estivo-autumnal schizont. At 
this stage of development the gamete consists of a circular portion of pro- 
toplasm, which stains blue, enclosing a dot or minute clump of chromatin, 
stained a deep red or violet. After the development of pigment the 
gametes are distinguished by their ovoid or crescentic shape, even while 
contained in the red corpuscle; the presence of a larger amount of chro- 
matin; and the presence, in properly stained specimens, of a deep red 
band encircling the parasite. When fully developed the gametes are most 
easily distinguished by their crescentic shape. 

The Stained Macrogamete.- The staining reactions of the estivo- 
autumnal macrogametes are the same as those of the tertian and quartan 
forms, i. e., the protoplasm stains a deep blue and the chromatin a bril- 
liant red or violet. The protoplasm stains most intensely in the young 
intracellular macrogametes, and this is also true of the chromatin. When 
fully developed the protoplasm of the crescentic macrogamete stains 
deeply blue, the color being most intense at the poles of the crescent; not 
infrequently deeply stained areas are observed, especially numerous near 
the poles of the crescent. The chromatin is situated at or near the center 
s not infrequently 


of the macrogamete, stains a light red or pink, and 
obscured by the pigment, which being collected at the center of the organ 
ism appears to be mixed with the chromatin. In many instances the 
chromatin is observed to lie at the center of the crescent, surrounded by 
a perfect ring of pigment granules. Many interesting variations ar 
noted in the staining reactions of the macrogametes, most of them due to 
pressure during the preparation of the specimen, or to artefacts produced 


during the staining process. 
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The remains of the red blood corpuscle surrounding many of the 
macrogametes stains a salmon or pink color, thus forming a smooth pink 
wrder to the crescent, or this border may be broken and jagged in appear- 
ance, or missing at some portion of the periphery of the crescent. The 
so-called “bib” of the crescent is often beautifully shown in stained speci- 
mens, consisting of a faintly stained pink mass lying within the concav- 
ty of the crescent, the projecting border staining a deeper pink or red. 
Such gametes are still intracorpuscular, although the crescentic shape is 

lly developed. 

Some of the macrogametes, which are apparently extracorpuscular, 
present a very deeply stained red border, the nature of which is still 
uncertain. A similar red border is not infrequently observed surrounding 
the young intracorpuscular gametes, so that it is not probable that it is 
due to the substance of the infected red corpuscle. In addition, the stain- 

reaction is different, the protoplasm of the red corpuscle staining a 
light red or pink, while the edge of the gamete stains a deep red, very 
similar to the staining reaction observed in the chromatin. 

The following features serve to distinguish the estivo-autumnal mac- 
rogametes from the mi rogametocytes 1n stained preparations: 

1. The long slender shape of the crescents. 

2. The character of the chromatin which is situated at or near the 
center of the crescent in a dense mass or irregular clump. 

3. The deep blue staining of the protoplasm. 

!. The concentration of the pigment at or near the center of the 
organism, in the form of masses, or in wreath-like manner, surrounding 
the chromatin. 

The Stained Microgametocyte.—The protoplasm of the microgameto- 

stains a delicate robin’s-egg blue, very different from the deep blue 

r purple of the macrogamete. In some instances the protoplasm refuses 
n. The chromatin is arranged in the form of a loose network com- 

of delicate fibrils and granules which stain a deep pink or light 
Sometimes the chromatin appears to be divided into several clumps 
distributed throughout the protoplasm. The pigment is distributed 
throughout the protoplasm, stains a greenish brown, and is in the form 
fine granules or very short rods, Some portions of the microgameto- 

= stain more intensely than others, giving the crescent a peculiar 
appearance, and sometimes only the border of the crescent takes 

The chromatin not infrequently stains so poorly as to be barely 


} 


lishable. The remains of the red blood corpuscle, in which the 


microgametocyte has developed, stains in the same manner as described 


the macrogamete. The chromatin of the ovoid and round forms, 
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which develop from the microgametocyte, is arranged in small clumps 
about the periphery and stains a deeper red than while the organisms are 
crescentic in shape. 

The points already mentioned in distinguishing the tertiar 
autumnal microgametocyte from the quotidian are observed in stained 
specimens of blood, and, in addition, it is found that the quotidian micro- 
gametocyte contains a larger amount of more intensely stained chromatin, 
while the protoplasm also stains a deeper blue than does that of 
tian estivo-autumnal microgametocyt 

The estivo-autumnal microgametocyvte may 
from the macrogamete by attention to the following points : 

1. Shape: The plump kidney shape. 

2. Staining reaction: The pale blue staining of the protopla 
the less intense staining of the chromatin. 

3. Chromatin: The arrangement of } hromatin in the 
loose network. 

!. Pigment: The distribution of pigment throughout th 
plasm. 

5. Size: The microgametocytes are shorter and broader than 
macrogametes. 

The above des ription of the morphology of the sexual forn 
malarial plasmodia observed in fresh and stained specimens of human 
blood includes only those points which are of importance in diagnosis ; 
many minute details of the structure of these interesting bodies hav 
not been touched on for the reason that thev can be studied only where a 
large amount of material is available, are not of importance from a diag 


t 


nostic standpoint, and are not of constant occurrence. It is believed that 


attention to the differentia] details described in this paper should 


enable 


any one, with a little practice, to be able to diagnose these forms, 


PERCENTAGE OF PATIENTS IN WILTOM GAMETES OCCUR 


As onlv those individuals in whom the sexual forms, or gametes, 


are capable of transmitting malaria to the mosquito, and thus, indirect 


to man, it is OL interest to know how lara: a percentage ol our malal 


patients become “carriers.” The number will vary, of course, in differ 

localities, owing tc conditions favoring the persistence of the infection ; 
intection pre sent: the thoroughness with which treatment 

ut; and perhaps other conditions with which we are as yet unfan 

This subject has been most thoroughly studied in estivo-autun 


infections because of the ease with which the crescenti gametes are rec 


nized. Th lata we possess show beyond question that the percentag 
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patients having gametes in their peripheral blood varies considerably in 
different localities and that the incidence of gametes in the peripheral 
ilood cannot be taken as a true index of their actual occurrence in the 
ody, for in many instances it has been demonstrated that blood obtained 
vy splenic puncture will be found full of gametes when none can be found 
in the peripheral blood. Rogers* observed crescents in only 10 per cent 
ie cases he studied in Europe, while Deaderick® states that in his 
experience they are very rarely observed in the peripheral blood. In my 
experience gametes have been observed in a little over 33 per cent. of my 
cases of estivo-autumnal infections. A longer search might have consid- 
erably increased this percentage, for it often requires the patient examina- 
tion of several specimens of blood to demonstrate the presence of cres- 
cents in estivo-autumnal infections. In the instances of recurrent infec- 
tion in Filipinos whom I studied, to whom no quinin had been admin- 
istered for weeks or months, crescents occurred in fully SU per cent. of the 
nfected individuals, and were as numerous in the adult Filipinos as in 
the children. Manson® believes that the estivo-autumnal gametes are more 
frequently observed in patients who have contracted their malaria in the 
tropics and have returned to temperate regions, and that gametes are mor 
rarely observed in the tropics. I cannot confirm this opinion, as in my 
experience as large a proportion of patients in the Philippines, if 
untreated, show gametes as in the United States. Soldiers returning from 
Cuba and the Philippines, and suffering from recurrent malaria after 
eir return, did not show a larger percentage of infections with crescents 
than soldiers serving in those countries and suffering from malaria while 
there, and it is not at all uncommon to observe crescents in the peripheral 
blood of the Filipinos. 

From what has been said it is evident that the percentage of cases 
showing estivo-autumnal gametes varies considerably, but it may be said, 
without danger of contradiction, that a large majority of our patients will 
develop these bodies unless they are properly treated with quinin. | 
believe, from my observations on a native race, the Filipinos, that at least 
80 per cent. of our estivo-autumnal patients will become carriers of this 
tvpe of infection unless thoroughly treated. 

We possess but very little data concerning the percentage of patients 


nfected with the tertian and quartan plasmodia in whom gametes develop. 


+. Rogers, L.: Malarial Remittent Fevers, Jour. Trop. Med. and Hyg., Lon 
on. 1908. Sept l p 972 
5. Deaderick, W. H.: \ Practical Study of Malaria, Ed. 1, Philadelphia, 


909, W. B. Saunders & Co 
6. Manson, Sir P.: Tropical Diseases, Ed. 4, New York, 1907, William Wood 
& Ce 
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I have found that about 50 per cent. of tertian and quartan infections 
which I observed showed a few gametes in the peripheral blood, provided 
the infections had persisted for some time and quinin had not been 
administered during the first week or two of the infection. Here, again, 
it is not safe to infer that no gametes are developed because they may not 
be demonstrable in the peripheral blood. as it is probable that in these 


found in the 


{ 


infections, as in the estivo-autumnal, gametes would be often 
spleen and bone-marrow. 

While the absence of gametes from the peripheral blood would appear 
to demonstrate that the individual is not a carrier of malarial infection, 
and while, for practical purposes, such individuals have to be considered 
as safe in this respect, it does not follow that such is really the case, for 
the gametes may be present in the internal organs and find their way into 
the peripheral circulation at intervals in sufficient numbers to infect mos- 
quitoes, or they may be present in such small numbers in the peripheral! 
blood as to render their demonstration impossible, and yet the blood may 
be infective. As regards the latter statement it should not be forgotten 
that other blood protozoa, such as the trypanosomes and spirochetes, often 
occur in numbers so small in the peripheral blood as to render their dem- 
the blood is infective to animals. <A 


onstration impossible, althoug! 
great deal of work needs to be done on this subject before we can be sure 
of our premises, and the recent experiments of Darling’ are a step in the 
right direction. His observation that the peripheral blood must contain 
a certain number of gametes in order to be capable of infecting the mos 


quito is very suggestive, but needs confirmation by a large number of 


experiments, 


THE TIME OF OCCURRENCE OF THE SEXUAL FORMS 


It is universally admitted that gametes do not develop until the mala- 


rial infection has persisted for several days, uninfluenced by quinin. The 
length of time required for the development of the gametes of the estivo- 
autumnal plasmodia varies from eight to fifteen days, the usual period 
being about twelve days. In other words, an estivo-autumnal infection 
must have persisted for nearly two weeks before we can expect to find 
crescents in the peripheral blood. The gametes of Plasmodium vivar 
and Plasmodium malarie appear in the peripheral blood in from seven to 
ten days after the onset of definite symptoms of infection. 

It should be remembered that the malarial infection mav have been 
present for a considerable time before the occurrence of definite symptoms. 


7. Darling, S. T.: Transmission of Malarial Fever in the Canal Zone by 
Anopheles Mosquitoes, Jour. Am, Med. Assn., 1909, lili, 2051 
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} 


so that the actual time required for the development of gametes may be 
much longer than is generally supposed from our examinations of the 
peripheral blood after the occurrence of symptoms. Again, the blood may 
contain gametes before any symptoms of malarial infection have been 
noted. I have observed gametes in cases of latent malaria in which no 
malarial symptoms had ever occurred, so that we may find these sexual 
forms present on the very first day of an obvious infection. 

The fact. however, that several days elaps¢ after the occurrence of 
symptoms before gametes appear in the peripheral blood, in the vast 
majority of patients, is of the greatest importance from a prophylactic 
standpoint, as will be mentioned later. It is also very significant as 
regards the origin of these bodies, and appears to indicate that they are 
not introduced into man by the mosquito, but that, as Schaudinn’ 
believed, they are differentiated during the human life cycle of the plas- 
modia as the result of the reaction of the human system to the plasmodia. 


Certainly all of the evidence we possess points to this conclusion. 


rHE EFFECT OF QUININ ON THE SEXUAL FORM 


The consensus of opinion is that after the gametes of the various species 
of plasmodia are fully developed quinin has no action on them, so far as 
their development within the mosquito is concerned. In the early intra- 
corpuscular stages I have observed marked changes in their staining reac- 
tions which lead me to believe that during this period in their develop- 
ment quinin is capable of injuring them and preventing their full devel- 
opment, for the protoplasm and chromatin stains atypically and the latter 
s reduced in amount. If quinin be given promptly during the initial 
attack of fever it will effectually prevent the development of gametes in 
the vast majority of infections; in those cases in which it does not do so 
it is probable that the infection has been present for some time in a latent 
state and that gametes have developed before the appearance of symptoms. 

The experiments of Schoo,$ while not confirmed, appear to indicate 
that the tertian gametes may sometimes be prevented from development 
in the mosquito by the administration of quinin. He found that in two 
tertian cases, the patients being bitten by Anopheles before the adminis- 
tration of quinin, nearly all of the insects became infected, while the sam« 
ndividuals, bitten after the administration of this drug, were unable to 
t any of the insects. These observations are at variance with those 


nie 


8. Schoo, ] Wat kan er aan Prophylaxis der Malaria in Nederland gedaan 


worden’ Nederl. Tijdschr. Geneesk., 1902, xvii, 074. 
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of many investigators and should be carefully repeated. The fact that no 
morphologic changes occur in the fully developed tertian gametes after the 


f quinin is pretty good evidence that the drug cannot 


administration « 
affect them so seriously as to prevent their further development in the 


mosquito, 


No morphological changes occur in the fully developed quartan or 
estivo-autumnal gametes after the administration of quinin to patients 
in whom these forms are present. The estivo-autumnal crescents ar 
capable of development within the mosquito even though the drug has 
been administered for weeks, as has been proven by Marchiafava,® 
Gualdi,’® Martirano,™! Darling? and others. On the Isthmus of Panama 
Darling’ found that the development of malarial gametes in the middl 
intestine of A. albimanus was not affected by quinin “when such an 
infected mosquito feeds daily or on alternate davs for fifteen days on 
patients who are receiving 30 grains of quinin in solution daily. In these 
instances the zygotes mature and sporozoites reach the salivary glands in 
the usual period.” 

The observations of Darling prove that the administration of quinin 
to patients whose blood contains tertian and estivo-autumnal gametes 
results in the gradual disappearance of these forms from the peripheral 
blood. He found that the administration of 30 grains of the drug in 
solution per day was capable of reducing the number of crescents in the 
peripheral blood from 67 per LOO leucocytes to ] pel 200 leucocytes in 
twentv-five davs, while in another case the crescents were reduced from 
92 per 100 leucoe vtes to L per 100 leucocytes in fifteen davs. On the 
other hand, in cases in which quinin was not administered the crescents 
appeared to increase rather than diminish in the peripheral blood. As 
the result of these experiments Darling concludes that the administration 
of quinin in gamete-carriers is of the greatest Importance in the pro- 


phy laxis of malarial disease. 


NUMBER OF GAMETES NECESSARY FOR INFECTION OF TITE MOSQUITO 


It is but reasonable to believe that the peripheral blood must contain 


a certain number ot gametes 1n order to render it infective to the mos- 


quito, but 1 know of only one investigator who has undertaken t 
0%. Marchiafava. E Malaria Iwentieth Century Practice XIN, Be 
York. 1900, William Wood & Co 


10. Gualdi, T.. and Martirano L’azione della chinina sulle semiluns \ 


d. ig. sper., 1901, xi. ¢ 
ll. Martirano, | Ann. d. ig. sper... 1901, xi, 6 
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the number necessary for such infection. In a very ingenious series of 


experiments Darling’ has arrived at the conclusion that the peripheral 


blood must contain at least 12 crescents per cubic centimeter or more 
than one per 500 leucocytes in order to be infective to the mosquito, and 
that patients whose blood contains this number should be regarded as 
gamete-carriers and kept in hospital until, by the administration of 
quinin, the number is reduced below this minimum. Darling arrived at 
his results by comparing the number of crescents present with the number 
of leucocytes, estimating the amount of blood ingested by the mosquito 
in biting by weighing the insect both before and after eating, and then 
calculating the number of crescents contained in the amount of blood 
ingested. While the results of these experiments are very suggestive, it 
should be remembered that many factors have to be considered in making 
such comparisons. The presence of a slight or marked leucocytosis ; local 
congestions ; factors determining the number of gametes present in the 
peripheral blood and in the internal organs; all have to be carefully 
weighed in reaching a true understanding of the significance of such 
investigations. 

As regards the reduction in the number of gametes in the peripheral 
blood after the administration of quinin, we should not be too hasty in 
concluding that such reduction means the destruction of these bodies, for 
it is much more probable that they are simply driven from the peripheral 
circulation to the spleen and bone-marrow, for we possess no data show- 
ing that quinin produces any changes whatever in the morphology of the 
fully developed gametes. The disappearance of the gametes from the 
peripheral blood may, of course, render the blood non-infective for the 
time being. but we do not know how long a period elapses before the 
gametes may reappear in the peripheral circulation and the blood become 
infective. It appears to me that, while it may be good practice to keep 
our malarial patients in the hospital until the gametes are reduced to the 
number mentioned by Darling, it would be better to keep them until the 
gametes entirely disappear from the peripheral blood. Even then we 
should not be too sanguine as regards the future non-infectivity of such 
patients for many malarial patients relapse in whom no gametes can be 
demonstrated in the peripheral blood. 


CONCLUSION 


From what has been said regarding the action of quinin on the mala- 
rial gametes it is evident that if we thoroughly treat our malarial patients 
during the initia! attack of the disease we shall prevent the formation of 
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these bodies and, therefore, the transmission of the infection t 
quito. A great deal of the malaria prevalent in every malarial localit 


directly traceable to improperly treated patients, and the prophylaxis of 


the disease will be immensely helped by the thorough treatment of every 


infection. The practice of regarding such infections as cured because the 
active symptoms have disappeared is a most common and a most perni- 
cious one, and one that is responsible for the transmission of a very larg 
proportion of malarial disease. Every malarial patient should be kept 
on quinin for at least a week or two after the disappearance of symptoms, 
and should take the drug, in 10-grain doses, once a week for two months 
after the acute attack. 





lil. THE COMPARATIVE VALUE OF VASOMOTOR DRUGS IN 
RENAL HEMORRHAGES * 


CARL J. WIGGERS, M.D 
ANN ARBOR, MICH, 


I, INTRODUCTION 
Since the lowering of blood-pressure during hemorrhage contributes 
materially to its natural diminution, it is argued that a further reduction 
in pressure should favor a more prompt cessation. This doctrine, so fre- 
quently emphasized as fundamental in the treatment of bleeding, loses 


ht of the important fact that, during a hemorrhage, all the protective 
mechanisms of the body are called into play to maintain the blood- 
pressure, so that the brain, which is the organ most susceptible to anemia, 
shall receive a supply approaching the normal. ‘To accomplish this the 
peripheral vessels constrict, the heart beats faster and lymph flows in 
from the surrounding tissues.* Consequently, | have contended that any 
agent that counteracts these mechanisms Is as unphysiological as those 
that increase the bleeding. 

A study of the effect of vasomotor drugs on the activity of the 
respiratory center during hemorrhage has strengthened this view. If an 
anesthetized animal, but one not under the influence of morphin, is 
allowed to die from repeated hemorrhages, it is found that, first, a stimu- 
lation and later a depression of the respiratory center occurs. ‘The nor- 
mal regular respirations are gradually supplanted, first by a type in which 
long inspirations periodically recur, then, as the loss of blood continues, 
by a type characterized by an increase in rate and depth of inspiration, 
and often by an active expiration. This is the stage of active stimulation. 


Following this, respiration again becomes slow and shallow, finally ceas- 


ing altogether. A subsequent gasp or two marks the end. Now it fol- 


lows that a sudden lowering of pressure by vasodilating drugs during an) 
stage of hemorrhage brings on a type of breathing of the next lower 
order. An animal whose respiration is still normal becomes dyspnei 
(Fig. 1); in one that already gives evidence of respiratory stimulation, 
t breathing hecomes more shallow and often ceases. In each case the 
his investigation, one of a series of studies in inaccessible internal hemor 
rhages, was carried out during the summer of 1909 at the Research Laboratory 
Parke, Davis & Co., Detroit, Mich 
1. Frédérica: Travaux du Laboratoire de Liége. 1885 





CARL J. WIGGERS 349 


respiratory center is set a notch toward the side of death. If, on the 
other hand, the pressure is raised, the respiration reverts to a preceding 
type. An animal in marked dyspnea calms down to quiet breathing 
(Fig. 2), and one whose respiration has entirely stopped may even be 
aroused to respiratory activity. In each case the respiratory center is set 


a notch toward the side of recovery. 
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Fig. 1.—Record showing dyspnea induced by lowering the blood-pressure dur 
ing a hemorrhage by 1/100 grain nitroglycerin (administered at point indicated 
by star); B. P., blood-pressure; R., respiration, down-stroke, inspiration, up 
stroke, expiration. 


These observations emphasize the importance of using drugs in inter- 
nal hemorrhage which, by their introduction into the body, shall not only 
check the bleeding, but shall also simultaneously elevate the arterial pres 


sure. Having already investigated the hemostatic value of certain 


Fig. 2.—Record showing beneficial influence exerted on an existing dvspnea by 
raising the pressure during hemorrhage by 0.01 mg. adrenalin. Lettering same as 
before. 
pressure-raising drugs on hemorrhages derived from intestinal and pulmo- 
nary vessels, it became of interest next to investigate their comparativ 


hemostatic value in renal hemorrhages. 


II. TYPES OF RENAL HEMORRHAGE AND THEIR EXPERIMENTAL PRODUCTION 
Renal hemorrhages may be classified according as they are derived 
(a) from large arteries, (b) from small vessels and capillaries, or (c) 


} 


from veins. Fortunately, the vascular arrangement of the kidney is such 
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that, by appropriate incisions, each type may be created and studied 
expr rimentally. The cortex of the kidney contains almost entirely ves- 
sels of small caliber, hence a cortical incision wounds only the smaller 
renal vessels. In the posterior row of renal calices, there is an area, 
according to Brédel,? where an incision avoids the large arteries, but 
wounds the large collecting veins. An incision made about 5 mm. posterior 
to the convex border is followed, as a rule, by a slow stream of dark 
lood, indicating that a venous hemorrhage has been created. To sup- 
plement this study, the flow from one of the renal veins was in a number 
of cases directly measured. Large arterial hemorrhages were created by 
deep incisions made on the anterior surface of the kidney. The bright 
lor of the blood, the spurting stream and the rapid fall in pressure left 

doubt as to the source of bleeding. Previous to making these incisions, 
the kidnev was brought through a cut in the abdomen and held outside 
vy a partial closure of the wound by hemostats. To record the flow ot 


ilood from these kidney wounds, the animal was fixed on an inclined 


animal board so that the kidney came directly over the pan of the hem- 


orrhage-recording apparatus. 


III, ADRENALIN AS A HEMOSTATI( 
In Cortical Hemorrhaqes 


Sixteen experiments to determine the influence of adrenalin on cor- 


tical hemorrhages were made. In these it was found without exception 
that 0.02 to 0.1 mg. of adrenalin injected intravenously caused a prompt 
diminution of hemorrhage synchronous with the rise in_ pressure. 
The larger the dose administered the more complete was the checking 
of the bleeding. As the pressure returned to normal, however. the loss 
f blood increased again, though never to such an extent as before 
injection (Fig. 3, c). The permanent decrease is accounted for by th 
fact that clot formation was favored during the action of adrenalin. 

When the intravenous injection of a 1:200,000 solution was continued 
or from three to four minutes slowly, instead of being injected rapidly, 
r when 0.5 to 1 mg. was given intramuscularly (Fig. 4), the decrease 
n hemorrhage became permanent and the rise of pressure was pro- 
onged. 


In Venous Hemorrhages 


‘Ten tests showed that adrenalin in doses ranging from 0.01 to 0.1 mg. 
} 


caused, 


as in cortical hemorrhages, a decrease in bleeding synchronous 
with the rise in blood-pressure. Larger doses were more effective than 


the smaller ones. The reduction in the bleeding differed. however. 


, 


2. Bridel: Bull. Johns Hopkins Hosp., 1901, xii, 10 
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from that noticed in cortical hemorrhages by remaining permanent after 
the pressure fell (Figs. 3 and 4). The explanation of this difference 
is apparently simple. Adrenalin reduces bleeding from the veins largely 
through its constriction of the small arteries, and the diminished flow 
of blood into the veins facilitates clot formation over the wound \s 
the small arteries relax after the adrenalin action has passed off, the clot 


} } 


which has partially occluded the bleeding veins is not directly interfered 


with 








Fig. 3.—Five curves illustrating effect of adrenalin on the various types of 
renal hemorrhage. Transferred from separate records by means of a pantograph 
A’, A®, A*®, effects of 0.05 to 0.002 and 0.005 mg. of adrenalin respectively on 
arterial hemorrhages; c, effect of 0.02 mg. adrenalin on cortical hemorrhags 
effect of 0.02 mg. adrenalin on venous hemorrhage; T., time in 10-second period 


xX, points where adrenalin action began 


In Arterial Hemorrhaqes 


1 


Twenty-one tests showed that the influence of adrenalin on thes 
hemorrhages was less favorable. With the rise of pressure following a 
single intravenous injection the bleeding sometimes increased, sometimes 
decreased, and often remained unaltered. The results evidently bear a 
direct relation to the dose injected. Thus, as shown in Fig. 3, A, 0.05 
mg. caused an increase in bleeding; 0.01 mg. no change and 0.005 mg 
a decrease. Evidently there is, in the larger arteries, an antagonism 
between its local action on these vessels and the rise of blood-pressur 


occasioned; and only doses which elevate the pressure but little ar 
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adequate to check bleeding. Intramuscular injections which raise the 
pressure slightly but permanently distinctly favored cessation. 


Summary 


Although most renal hemorrhages are probably derived either from 
the smaller arteries or the veins, the possibility of their origin from 
the large arteries of the kidney must not be overlooked. Since it is 
practically impossible to differentiate between the different forms of 
hemorrhage it becomes imperative to use such a dose of adrenalin as 
is not detrimental in any form. Reference to a tabular summary will 
facilitate the selection of such a dose. 
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Fig. 4.—Effect of 0.1 mg. adrenalin given intramuscularly. H., cortical hemor- 
rhage; B. P., blood-pressure; T., time in seconds; R., respiration. 


SUMMARY OF THE EFFECT OF VARIOUS DOSES OF ADRENALIN 


Cortical Hemor- Arterial Hemor- 
Dose rhage Venous Hemorrhage rhage. 


Intravenous dose / Fair decrease last Fair decrease, per- | Slight decrease or 
0.01-0.02 mg..... ing during rise of manent ‘ie no change 
pressure 


Intravenous dose |Marked decrease | Marked decrease or | Slight or marked in 
0.05-0.1 mg...... lasting during rise cessation, perman- crease while pres- 
of pressure....... GE ccnccdvcsecs sure remains up. 


Slow and prolonged | Decrease, later ces- | Marked decrease or | Slight decrease, ces- 
intravenous injec sation oes ee sation favored 
tion 0.01-0.04 meg 
per minute.... 


. . 
Intramuscular dose | Prompt cessation, | Prompt cessation, | Slight decrease, or 
0.5 to 1 mg...... permanent see permanent ...... no change....... 


From a consideration of the above summary we may draw the fol- 


lowing conclusions: 
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1. Large doses of adrenalin (0.05 to 0.1 mg.), which are peculiarly 
powerful in checking venous and cortical renal hemorrhages, actually 
augment the bleeding from the large arteries. 

2. Smaller doses (0.01 to 0.02 mg.), causing a fair decrease in 
cortical and venous hemorrhages, also cause a decrease of arterial hem- 
orrhages, or at least do not increase them. These are the doses of 
choice when a differential diagnosis is impossible. 

3. The slow intravenous introduction of a 1:200,000 solution of 
adrenalin favors checking of all hemorrhages at the same time that the 
rise of pressure is permanent. 


IV. THE INFLUENCE OF PITUITARY EXTRACT 

The use of pituitary extract as a pressure-raising drug possesses 
the advantage over adrenalin that it causes a prolonged rise of pressure 
after a single intravenous injection, which makes it especially valuable 
to maintain a proper supply to the brain during hemorrhage. Accord- 
ingly, an investigation of its value as a hemostatic in renal hemorrhages 
seemed desirable. For this purpose the pituitary extract prepared by 
Parke, Davis & Co., according to the method described by Aldrich*, was 


tested intravenously in doses of 0.5 to 2 c.c. 


Re SU lts 


The results of thirty-six injections showed that pituitary extract 
exerted a far less favorable influence on renal hemorrhages than did 
adrenalin. In the venous and cortical types of hemorrhage it was fre- 
quently found that an elevation of arterial pressure of from 10 to 20 
mm. was accompanied by a gradual decrease in bleeding, though many 
times no change occurred (Fig. 5). The diminution never occurred with 
the promptness or completeness characteristic of adrenalin. This observa- 
tion suggested the query whether the decrease in bleeding was due to the 
action of pituitrin or appeared merely as a coincidence in these cases. 
Three sets of experiments inclined me to the latter view. First, pituitary 
extract never caused a decrease in arterial hemorrhages; in fact, it dis- 
tinctly increased them when the pressure rise exceeded 10 to 15 mm. 
Second, the flow of blood from a renal vein tended, when the blood had 
been rendered non-coagulable, rather to increase than decrease after its 
administration (Fig 6). Third, oncometer tracings of the kidney taken 
in ten experiments showed that the kidney volume also followed the blood 


3. Aldrich: Am. Jour. Physiol., Proceedings of the Society, 1908, xxi, 23 








354 VASOMOTOR DRUGS IN RENAL HEMORRHAGES 


pressure (Fig. 6). The changes were never opposite or showed even 
temporary signs of such a tendency as was the case with adrenalin. These 
observations are in accord with the results of Magnus and Schifer,* who 
also found that, though the volume of the spleen, intestines and limbs 
diminished, that of the kidney always increased after pituitary extract. 
These results show conclusively that any decrease in bleeding which 
occurred could not have been due to the influence of the extract on the 
renal vessels, but must be attributed rather to the natural coagulation 


process, 





x) : Y 


AVA 


Fig. 5.—Effect of 1/3 ¢.c. pituitary extract on cortical hemorrhage. Lettering 


same as before 


Attention may be directed to the fact that this statement in no way 
denies the ability of pituitary extract to constrict the renal vessels, 
ilthough it must be admitted that no conclusive evidence of such action 
has yet been brought forward. We are concerned here, as in the case of 
adrenalin, not with the question of a drug’s ability to constrict the renal 


vessels, but whether the local constriction is sufficient to counteract or 


overpower the rise of blood-pressure Oct asioned. Tl is the constriction 


caused by pituitary extract is unable to do. 


Summary 
1. Pituitarv extract is inferior to adrenalin as a hemostatic in renal 


hemorrhage. If too large an injection be not given, venous and cortical 


t+. Magnus and Schiifer Jour. Physiol., 1901, xxvii, Proe. Phys. Soe., London, 
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hemorrhages continue to decrease naturally from coagulation of the 
blood, while arterial hemorrhages are but rarely im reased. 

2. Pituitary extract does not constrict the renal vessels sufficiently to 
counteract the general rise in blood-pressure. 

3. Since pituitary extract in intravenous doses of 0.5 to 1 ¢.c. does 
not actively increase hemorrhages, it may be used in those cases in which 
hemorrhage has ceased, but a permanent elevation of the blood-pressure is 


demanded. 
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Fig. 6.—Effect of 0.5 ¢.c. pituitary extract, administered at point indicated by 
star on flow of blood from left renal vein (V ©), on volume of right kidney (K 


V). on blood-pressure (BP) and on respiration (R I, time in seconds 


V. THE INFLUENCE OF ERGOT (ERGOTOXIN ) 


The evidently beneficial results from the use of ergot in uterine hem- 
orrhages has given the drug a reputation of being efficacious, through its 
vasoconstricting power, in checking the bleeding from other organs 
Such therapy is entirely empirical, however, for it is now known that its 
beneficial influence in uterine hemorrhage results from its action on the 
muscle of that organ rather than on the blood-vessels. 

It has been with great reserve and caution that clinicians have trans- 
ferred the vascular actions of ergot, as determined by animal experiments, 
to patients. This attitude has apparently been just. for it has always been 
difticult to harmonize what seemed definite evidence of its vasoconstrict- 
ing ability, with the great fall in pressure. followed at the most by a feeble 


rise, when an intravenous dose of ergot was given to animals.*® 


5. Sollmann, T., and Brown, E. D Jour. Am. Med. Assn... 1905, xIlw, 234 
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bis state of affairs has largely been due to the fact that, by the intra- 
venous administration of crude ergot preparations, so many substances 
are introduced which act to neutralize and complicate the effect of its 
constricting principle, whereas many of these accessory substances either 


are not absorbed or are neutralized or destroyed when the drug is given 


subcutaneously. This accounts for the fact that intramuscular injections 
luce only a rise and never a fall of pressure. 


Although ergot when intramuscularly given is clearly a pressure- 


raising drug and, in this respect, may be deemed of advantage in hemor- 





proof is still wanting that it is capable of producing a constriction 
of the renal vessels out of proportion to the rise of pressure induced, a 
condition necessary in order to prove a hemostatic. This question was 
vestigated in this resear 
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The pressure-raising ability of ergot wanes as the loss of blood 


increases. In these experiments it was found that a dose of ergotoxin, 
causing a great and prolonged rise of pressure in a normal animal, 


created only a temporary rise or none at all in a bleeding one, the effect 
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Fig. 7 Segment of record showing Cheyne-Stokes breathing induced by ergo 


toxin and the mechanical effect of this breathing on blood-pressure 


being determined by the extent of hemorrhage (Fig. 8). Sollmann® has 
shown similarly that the pressure-lowering ability of crude ergot prepara- 


tions depended on the volume of blood lost. 








Fig. 8.—Effect of hemorrhage on the blood-pressure reaction following an in 
jection of ergotoxin. A, 2 mg. ergotoxin on normal dog. B, 1 mg. ergotoxin after 
a hemorrhage equal to 2 per cent. body weight. C, 2 mg. ergotoxin after a hemor 
rhage equal to 3.5 per cent. body weight. D, 2 mg. ergotoxin after a hemorrhage 
equal to 4.5 per cent. body weight. 


From these considerations it becomes clear that the pressure-raising 
value of ergot is limited to the early stages of hemorrhage, and that it 
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does not improve the res} 
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yiratory center as adrenalin and pituitary extract 


do. In fact, the respiratory center is depressed unless small doses are 


| 
used. 


Hemostatic Value in Renal Hemorrhages 


The results of thirty 


tends, when factors aside 


cases of renal hemorrhages show that ergotoxin 


from the vascular ones are excluded, to increase 


all forms of renal hemorrhage. The flow from a renal vein also becomes 


greater and oncometer records show an increase in the volume of the 


kidney (Fig. 9). 
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made when ergot has previously been used, for the favorable effect of the 
adrenalin is then converted into one distinctly unfavorable. 

In 1906 Dale announced that ergot principles were capable of con- 
verting the usual constrictor action of adrenalin into one of dilatation, a 
reaction which characterized itself in the cat as a fall in blood-pressure. 
This “vasomotor reversal” has not been so successfully demonstrated in 
the dog, for even after large doses of ergot the pressure usually continues 
to rise after adrenalin. ‘These experiments give undoubted proof that a 
reversal of the adrenalin action occurs in the kidnev after relatively small 


doses. As shown in Figure 10, however. this reversal of vascular action 
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Fig. 10 Iwo records contrasting the r 
istered at *) on the volume of the kidney (KV), on venous outflow (VO) and 


heart-rate, (A) before and (B) after use of ergotoxin 
does not mirror itself in the blood-pressure records, because the normal 


slowing of the heart by adrenalin is changed to an acceleration sufficient 
to overpower the dilating peripheral vessels. In other words, ergot not 
? 


only reverses the action of adrenalin on the blood-vessels, but also reverses 


its action on the heart of the dog. 


SUMMARY OF ADRENALIN ACTION 


Before Ergot After Ergot 

Blood-pressure Rose Rose less 

Kidney volume Decreased Increased 

Renal hemorrhage Decreased Increased 
Slowed Accelerated 


Heart rate 
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Conclusions 


Ergotoxin cannot be looked on as a drug of value in renal hemor- 
rhages, for the following reasons: 

1. It causes a permanent elevation of pressure only when the loss of 
blood has been relatively small, thus restricting its use to the early part 
of a hemorrhage. 

2. Unless small doses are employed it depresses the respiratory center 


instead of stimulating it. 


3. Ergot interferes with the subsequent beneficial effects of adrenalin. 
t. Ergot is not a hemostatic in renal hemorrhages. The local con- 
striction is not sufficient to counterbalance the rise in blood-pressure ; 
consequently renal hemorrhages tend to increase unless some subsidiary 


factor prevents this. 
VI. GENERAL SUMMARY 


That drug is of the greatest therapeutic value which is capable of 
decreasing the bleeding at the same time that it creates a better blood- 
supply to the brain. The activity of the respiratory center furnishes an 
indication of its value in this capacity. 

Of the drugs studied in renal hemorrhages adrenalin alone fulfils these 
requirements. Nitrites decrease bleeding satisfactorily, but often dan- 
gerously diminish the blood-supply to the brain. Pituitary extract ele- 
vates the pressure and improves respiratory activity, but is not a hemo- 
static. Ergotoxin is not a hemostatic, and the beneficial action that the 
blood-pressure rise should occasion is counteracted by the depressing 


influence on the respiratory center. 


619 Church Street. 














: 





THE RELATION OF TYPHUS FEVER (TABARDILLO) TO 
ROCKY MOUNTAIN SPOTTED FEVER * 


H. T. RICKETTS, M.D. 
AND 
RUSSELL M. WILDER 


CHICAGO 


One who has seen Rocky Mountain spotted fever cannot fail to be 
impressed with certain points of similarity which the disease shows to 
tvphus fever (typhus exanthematicus), basing the comparison on th« 
descriptions of typhus which are given in standard treatises. These 
descriptions refer to typhus as it occurs in certain European and Asiati: 
countries. It seemed desirable, therefore, to study their relationship, 
along clinical, anatomical and immunological lines, at least in certain 
essential respects. 


Our observations concern tabardillo, the typhus fever of tl 


e great 
Mexican plateau, which differs in some important respects from European 
typhus, according to the opinion of those who have studied the disease 
minutely (e. g., Jose Terres, in “Etiologia del Tabardillo”). It is stated 
that the typhus of Mexico has a more gradual onset and defervescence 
than that of the old world. These are both said to be very sudden in the 
latter, whereas in the former the fever rises gradually for three or four 
days during the onset, and defervescence occupies a similar period. ‘The 
two diseases should again be subjected to a close comparative study in 
these respects. 

A peculiar topographic distinction exists between the two, in that the 
typhus of Mexico is limited to the plateau and is said not to occur at o1 
near sea-level; that is to say, it does not occur in the so-called “hot 
country” of Mexico. European typhus, on the other hand, finds its home 
to a large extent at sea-level. In view of the fact, however, that typhus, 
the world over, is a disease of temperate and cool climates, the discrep- 
ancy mentioned is only an apparent one; it loses significance when we 
consider that the climate of the great Mexican plateau is a temperate 
one, while that of the sea coast towns is warm or torrid, in which general 


experience indicates that typhus is not able to prevail. 


From the Department « 
Memorial Institute for Infectious Diseases, Chicago 


f Pathology University of Chicago), and the 











362 TYPHUS FEVER AND ROCKY MOUNTAIN SPOTTED FEVER 
COMPARISON OF SPOTTED FEVER AND TYPHUS FEVER 


Eruption.—In both spotted fever and typhus fever a macular or 
slightly elevated roseolar eruption occurs, which commonly becomes 
petechial, and which appears at about the same time in both diseases, but 
perhaps a little earlier in spotted fever. In typhus it is first seen at 
ibout five days after the beginning of the fever, and in spotted fever 
m from the second to the fifth day. In both diseases small hemorrhages 
(petechie) may occur either in the preexisting rose-colored spots or at 
points in the skin which were hitherto uninvolved. In the former case a 
petechia with a congested zone is formed, and in the latter the areola is 
absent. The hemorrhages appear to occur earlier and with greater reg- 

larity in tabardillo than in spotted fever, although this phenomenon 
s subject to great variations in the latter disease.’ In some instances of 
spotted fever sharply marked petechiz do not occur at all, while the 
opposite extreme occasionally is encountered, the petechiw appearing 
fore a roseolar eruption is definitely recognizable. Although petechix 
do not occur invariably in typhus, they would seem to be more constant 
than in spotted fever. In both diseases the “spots” show a certain slight 
degree of induration ; this is quite marked in some cases of spotted fever. 

There seems to be a characteristic difference in the regions of the 

dy first involved. In spotted fever the spots first appear on the fore- 
arm and lower leg in a large percentage of the cases, whereas in typhus 
they are first seen on the abdomen and sides of the chest. There are 
variations, however, in the sequence of distribution in spotted fever, so 


at it is doubtful if this point is of great distinctive value. 


In both infections the distribution in the end is a very general one, 
including the face, palms and soles: it would seem that the involvement 
of the palms and soles is more prominent in spotted fever than in typhus. 
\s regards profuseness there is no essential difference. 

Gangrene.—In the spotted fever of Idaho, gangrene of the foreskin 
and scrotum, the tonsils and faucial pillars occurs not infrequently ; this 
is not seen so frequently in the more severe type which prevails in Mon- 


tana. In typhus, the toes, feet and lower leg occasionally become gan- 


grenous, and extensive bedsores are rather frequent. 

Changes in Internal Orqans.—In spotted fever the spleen is habitu- 
ally enlarged. This can be determined clinically in practically all cases ; 
and at autopsy the mass of the spleen is sometimes three or four times 


that of the normal organ. In Mexican typhus it shows little enlargement 


1. See the Fourth Biennial Report of the State Board of Health of Montana, 


LO07-8 Pp 137. 
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and this can rarely be detected clinically. In one autopsy it was of 


{ 


mal size; in another it was slightly enlarged, but cirrhosis of thi 
was also present. In both diseases it is of rather firm consistence. 
way resembling the spleen of typhoid fever. 

In spotted fever the lymph-glands are distinctly but moderately 
enlarged ; in tvphus they are smaller, but probably a little larger than 
normal. They show more congestion in spotted fever. 

In typhus the meninges almost constantly show a great deal of conges- 
tion and edema at autopsy, so that it has sometimes been spoken of as 
meningeal typhus. This condition also is stated as being present in 
European typhus, but perhaps not as constantly as in that of Mexico. It 
is a minor finding in spotted fever. 

At autopsy the right heart and venous 
ment in spotted fever than in typhus, and 


the elimieal appearances of the two diseases. 


her organs appear uninvolved in typhus and spotted fever, 


the presence of occasional complicating infections, particularly 


monia. 
There appears to be nothing unique, therefore, as to anatomical 
changes, In either disease. 


} 
{ 


Fever—lIn typhus the fever begins and ends with a good deal of 


abruptness. Two or three days mav be required aiter onset betore 
reaches its high point, and an equal period is occupied in defervescence 
On the other hand, the temperature in spotted fever may not reach its 
maximum until a week or more after onset, and defervescence ma 
occupy a week or ten days. ‘Tliis is one of the marked differences between 
the two diseases, 

Pulse.—In the early part of the course, and in mild cases throughout, 
the pulse in spotted fever (90-110) is slower than in typhus (110-120) 
under similar conditions. In both it rises to 140 or more preceding a 
fatal issue. 

Mental Effects —Stupefaction, or a low nervous delirium, is con 
to both. 

Convalescence.—T varies with the severity of the infection i 
diseases, but on the le it is much slower in spotted fever than in 
tvphus. This may be due in part to the longer duration of spotted fever. 

Duration.—The “crisis” in typhus usually occurs on from the tenth 
to the fourteenth day, although some cases may cover a period of three 
weeks Patients suffering from spotted fever are rarely convalescent 
until the end of the third week, and they commonly remain bedfast for 


from four to six weeks. 
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Character of the Infections.—In both, the condition is that of a sys- 
temic blood infection (and presumably lymph infection), without the 
critical involvement of particular organs. These points are brought out 
by the findings at autopsy, and by the result of inoculations with the 
blood of patients. Blood from spotted fever patients is always infective 
for the guinea-pig, monkey and certain other animals. In a number of 
instances reported in the literature, the blood of typhus patients appar- 
ently has produced the disease when injected into other human beings, 
and Nicolle’s infection of the chimpanzee was done by the same means; 
this concerns European typhus. The experiments with Mexican typhus, 
reported recently by Anderson and Goldberger and by ourselves, also 
show that the latter is a generalized infection. 

Transmission.—Spotted fever is not contagious, and the evidence indi- 
cates that the same is true of typhus. The former is transmitted by the 
bites of certain species of ticks, while presumably the latter is carried by 
the body louse (Pediculus vestimenti). It is probable, therefore, that 
they have the feature of insect transmission in common, but two alto- 
gether different types of insects are concerned. 

It is a peculiar fact that the conception of contagiousness has adhered 
to typhus up to and including the present time. Yet, in view of the facts 
that typhus, when endemic in a city, remains rather strictly segregated 
in the poor quarters, and that more or less intimate contact is required 
for transmission, it is manifest that contagiousness, if present at all, must 
be of a peculiar character and of a low grade. Typhus has never over- 
whelmed a whole city as smallpox did again and again in former times. 
In recent years, however, belief in the theory of insect transmission of 
typhus has extended widely, as affording a better explanation of the 
epidemiologic features of the disease. Thus the flea and bedbug have 
repeatedly been mentioned in relation to European typhus, and Gaviiio 
and others have called attention to the possibility of insect transmission 
in Mexico, without indicating the probable species, however. 

The recent experiments of Nicolle in transmitting European (rather 
Asiatic) typhus from monkey to monkey by means of the body louse 
affords a good working basis for clearing up the natural means of trans- 
mission. 

Our own experiments with the louse, which have been successful in a 
measure, will be reported at a future date. 

Susceptibility of Animals.—Aside from the discrepancies between 
spotted fever and typhus which were mentioned above, a striking differ- 
ence is found in the susceptibility of animals to the two diseases. As 


regards European typhus the literature contains numerous references to 
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attempts to infect the guinea-pig and other ordinary animals of experi- 
mentation by the injection of blood from patients, the results being uni- 
formly negative. Likewise, in extensive experimentation with the typhus 
of Mexico, Director Gaviio of the Bacteriologic Institute of Mexico 
City, and his assistants, failed to produce any evidence of infection 
in guinea-pigs, rabbits, white rats and mice, by the subcutaneous and 
intravenous injection of blood from human patients, the blood being 
taken at different periods of the disease.*. Similarly, and in substantia- 
tion of Dr. Gavino’s results, Anderson and Goldberger reported their fail 
ure to infect the guinea-pig by the injection of virulent typhus blood.* 

These results seem so conclusive that we decided not to repeat the 
experiments. 

In contrast to this condition, a fairly large experience has shown that 
spotted fever may be transmitted to the guinea-pig invariably, by the 
subcutaneous or intraperitoneal injection of virulent blood, provided no 
serious error in technic has been made.* 

The difference in the susceptibility of the guinea-pig to the two dis- 
eases must be taken as showing definitely that typhus and spotted fever 
are not identical. It might also stand as sufficient reason for conclud 
ing that they could not be even related infections, were it not for the 
fact that there are two types of spotted fever, one of which appears to be 
less virulent for the guinea-pig than the other. The spotted fever of 
western Montana, which represents the more virulent type, can be main 
tained indefinitely in the guinea-pig by passage from one animal to the 
other. On the other hand, it has been impossible, on three occasions, 
by the use of the same method, to keep alive in the guinea-pig the mild 
type of the disease which prevails in southern Idaho. It “died out” after 


from two to ten passages, presumably because of a loss of virulence for 


the guinea-pig. Yet, other experiments, particularly that of agglutina- 
tion, as performed with the bacilli found in the eggs of the tick, indicate 
that the two types which occur in Montana and Idaho, respectively, are 
identical or closely related. 

2. General reference to these experiments is made in an article by Dr. Gaviio 
in Gaceta Médica de Mexico, 1906, i, 218. They are also cited elsewhere in the 
same publication, the exact references not being before us at this moment. 

3. Anderson and Goldberger: The Relation of Rocky Mountain Spotted Fever 
to the Typhus Fever of Mexico—A Preliminary Note, Pub. Health Rep., 1909, 
xxiv, 1861. 

4. It is important that the blood injected should be drawn rather early in 
the disease, and that the quantity injected should not be too large; dilution with 
salt solution favors infection. This has been referred to in previous articles by 


one of us. 
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b \s bearing on typhus fever, this condition raises the question as to 
; whether there may be a third type of infection (typhus fever) whicl 
s related to spotted fever, but which differs from it not only in certain 
: important clinical respects, but also in possessing even a less degree of 
' rulence for the guinea-pig than the mild spotted fever referred to 
above. In other words, may typhus fever have a group relationship to 
, e spotted fever of the Rocky Mountains ? 
» 
+ 
, | IMMUNIZATION EXPERIMENTS 
We have resorted to protective and agglutination experiments in order 
to obtain more conclusive data regarding this point. The experiments 
; mav be re ported briefly. 
One attack of spotted fever, or of typhus, renders the individual 
* mmune to further attacks of the same disease. This acquired immunity 
. in spotted fever is characterized by the formation of protective anti 
i vodies, which appear in the blood, and which can be demonstrated by 
experiments on the guinea-pig. From 0.1 to 0.2 ¢.c. of serum from thi 
: immune guinea-pig protects against 1.0 ¢.c. of virulent blood, represent- 
i ng from 200 to 1,000 pathogenic doses. From 0.3 to 0.5 ¢.c. of serum 
: from the convalescent human patient were required to exert the same pro- 
: tective effect in two experiments. If typhus were identical with spotted 
4 fever, the serum from typhus convalescents should exert a similar pro- 
a tective effect against spotted fever; or, if typhus occupied a “group rela- 


tionship” to spotted fever, this might be manifested by a certain (perhaps 
ow) degree of protective effect against spotted fever, on the part of 


: serum trom typhus convalescents. 
| : \s will appear, the experiments to be reported do not disclose with 
| certainty the relationship which has been suggested, and possibly they are 
of such value that a close relationship is actually disproved. 

; ‘The immune typhus serums were all taken from patients whose cours¢ 
we had observed in the General Hospital (Mexico City), and in whom 
he diagnosis of typhus seemed to be without doubt. Their histories will 
not be recited. The blood was drawn on from the seventh to the tenth 

day after the subsidence of fever, after the patients had left their beds, 
4 


and the serum obtained by defibrination and centrifugation, or by spon- 
taneous clotting. 

Three sets of controls were utilized: first. the protective power of 
normal human serum as compared with that from the typhus convales- 
cents; second, the tests of the toxicity of human serum alone for the 
guinea-pig; third, inoculations to determine approximately the strength 


(quantity or virulence) of the spotted fever virus used in each experi- 
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ment. The virus was that represented in the defibrinated blood of the 

; infected guinea-pig on the third day of its fever. 

‘The virus and serums were mixed, and injected intraperitoneally as 
soon as possible thereafter ; the syringe was washed with salt solution and 

; the washings injected, in order to render the experiments as nearly 

| quantitative as possible. 


It will be noted that, as the experiments progressed, the proportion 
of convalescent typhus serum to spotted fever virus increased from 14 to 
1 (Experiment 1), to 200 to 1 (Experiment 4). 


One would expect to find evidence of a protective power in absolute 


ee . 


: prevention of infection, or, if present to a low degree, in a prolongation 
of the incubation period above that of the controls, in a shorter course of 


1 fever, or in recovery as compared with the death of the controls. Three 
" animals in the series, 9a, lla and 12a, suffered such light attacks that 
they could not be recognized positively by the temperatures exhibited, the 
| | result being determined only by immunity tests which were administered 
later. The accompanying table gives the outlines of the experiments. 

i Analysis of the table shows with reasonable clearness that the typhus 
| serum exerts no more protective effect than does normal serum. Interest 
: centers chiefly in Experiment 4, in which the dose of virus was approxi- 
: mately twice the minimum infective quantity. The immune typhus 


serum showed a certain degree of protection in doses of 1.0 and 2.0 c.c., 


but on the other hand, 1.0 c.c. of normal serum showed the same degree 





of protective power. We may consider that the dose of virus used was so 
low that very slight influences were able to determine the occurrence or 


Ah ta: a 
A re tee 


non-occurrence of infection. 


| Another experiment also indicates that an attack of typhus fever in 
. | : the monkey does not protect the animal against a subsequent infection of 
1 : spotted fever virus. Monkey 11 was inoculated with typhus by means of 
17 blood drawn from Monkey 7 on the eighth day of the latter’s fever. After 
‘|| an ineubation period of nine or ten days the temperature of No. 11 rose, 
and the animal passed through a course of fever similar to that which 
has appeared in other animals inoculated with virulent typhus blood. 
Hh Twenty-seven days after the inoculation and after recovery was complete 
j a second injection of typhus virus, consisting of 5 c.c. of blood from a 
human patient, was given to No. 11, in order to determine immunity or 
non-immunity to the disease. No fever resulted over a period of eighteen 
days. A control monkey (No. 21) which received a similar injection 
passed through a course of fever resembling that of typhus. We may, 
therefore, consider that No. 11 had been infected by its first injection of 
typhus virus, and that this resulted in immunity to the disease. 
| | 
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In order to test the animal’s immunity to spotted fever, after the 
lapse of some days it was injected intraperitoneally with 3 c.c. of defib- 
rinated blood from the infected guinea-pig, drawn on the third day of the 
latter’s fever. The blood was diluted to 6 c.c. by means of salt solution 


perore he Ing injected. Tl c follow ng course of fever developed : 


A.M rM 
Mareh 13 102 102.4 
March 14 102.6 103.3 
March 15 102 102.4 
March 16 103 104.6 
March 17 104.7 105.6 
March 18 103.1 106.4 
March 1% 104.6 106.7 
March 20 104 105.6 
March 21 105.8 106.8 
March 22 105 106.6 
March 25 101.4 104.1 
Mareh 24 oo 103 


On March 23 and 24 an extensive hemorrhagic eruption developed on 


the extremities, tail and back, such as has occurred previously in spotted 


fever in the monkey. 


1 
f ¢ 
Ul 


As a control a guinea-pig inoculated with 1 c.c. of le same virus 
developed a typical course of spotted fever, as did a second guinea-pig 
inoculated with the blood of No. 11. 

This experiment indicates, therefore, that an attack of typhus in the 
monkey does not render him immune to spotted fever, although it does 
protect him against infection from a second injection of virulent typhus 
virus, 

AGGLUTINATION EXPERIMENTS 

As reported previously by one of us, immune spotted fever serum 
agglutinates to a marked degree a bacillus which occurs in the eggs of 
ticks which act as carriers of the disease. The agglutination is specific, 
in that normal serums do not have this agglutinating effect, or have it to 
a very low degree; and this, among other reasons, is taken to indicate 
that the organism bears a causal relation to spotted fever. 

This reaction was utilized as a means of determining a possible rela- 
tion between spotted and typhus fevers. As in previous experiments, an 
emulsion of the bacilli was obtained by crushing a sufficient number of 
eggs in a small quantity of salt solution, and with this emulsion the 
microscopic agglutination test was performed with various dilutions of 
serum from convalescent typhus patients. Duplicate preparations with 
normal human serum were made, and, in addition, with immune spotted 
fever serum from the guinea-pig in order to make certain of the char- 


acter of the bacilli. 








7 
. 





70 TYPHUS FEVER AND ROCKY MOUNTAIN SPOTTED FEVER 
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In the case of the immune spotted fever serum the agglutination was 
marked or complete in three experiments up to a dilution of 1 in 500. 
Numerous experiments have shown that serum from normal guinea-pigs 
agglutinates only in dilutions of 1-10 to 1-20. Normal human serum 
caused slight agglutination at low dilutions (1 in 10 and 1 in 20). The 
serum of typhus convalescents, drawn within a week to ten days after the 
subsidence of fever, had approximately the same agglutinating power as 
the normal serum in two experiments, while in a third it reached a dilu- 
tion of 1 in 40. Even in this case, however, the agglutination was not 


omplete at this dilution. 


SUMMARY AND CONCLUSIONS 


The serum of typhus convalescents, drawn within a week to ten days 
after the subsidence of fever, exerts no more protective effect against 
spotted fever than normal serum does. 

Also, such serums show little or no more agglutinating effect for th 
acilli which appear to be associated with spotted fever than do normal 


1 
| 


\ monkey which had been rendered immune to typhus was not 
nmune to spotted fever. 

These experiments vo to substantiate the clinical evidence and that 
tained by animal inoculations, that spotted fever and typhus fever 
re not identical, and they seem also to indicate that the organisms 
the two diseases are not closely related biologically, whatever the mor- 
phologic conditions may be. 

The fact also that the serum of a disease (typhus) which is rough 
similiar to spotted fever, has no unusual agglutinating power lor the 


acilli mentioned, as compared with the high agglutinating power o 
1] 


mmune spotted fever serum, supports the contention that this bacillus 


ears a causal relation to spotted fever. 


We are indebted to Director Gavifo of the Bacteriologic Institute and to his 


assistant, Dr. Girard, for the use of their laboratory and for numerous courtesies, 
to Dr. Escalona of the General Hospital for his cooperation and to Mr. J. J 


Moore of the University of Chicago for assistance in the experiments. 
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PERFORATING ULCER OF THE FOOT IN ALCOHOLI 
NEURITIS 
REPORT OF A CASI 


ROY M. VAN WART, M.D., CM 


NEW ORLEANS 


The occurrence of perforating leer of the foot wit certain dis ers 
of the nervous system has long been recognized. The first description 
was given by Nélaton in 1852. Since that time the condition has been 
described in connection with a number of nervous conditions It is 
requent in diseases of the spinal cord, such as tabes and syringomyelia, 
ind has been noted in spina bifida, diseases of the conus medullaris, dia- 
tes and alcoholism. Injuries to the sciatic and tibial, as well as tumors 
and local inflammatory disturbances of these nerves, have alsé aused this 
condition. It is frequent in the neuritis of lepros Its occurrence in 
multiple neuritis, aside rom the orm clue to d abetes, 1s ‘ nirequent 
In the accessible literature I have not been able to find a ‘ ( ts 
occurrence in alcoholic neuritis. Sonnenburg not t in an alcoholic 
vith anesthesia of the foot. Remak and Flatau. writing in 1809. sa 
“So scheinen Fille von Alcoholneuritis mit Ma verforant on 
mitgetheilt zu sein, wenn au die Méglichkeit dieses Vorkommen 
durehaus nicht bestritten werden soll.” 

History rhe patient was a white male, aged 37, with a negative family . 
tory. He denied evphilis Hlis work entailed a great deal of loss of sleep with 
irregular meals. Owing to a condition of his nervous svstem which had best be 


called a “constitutional neurasthenia.” he was easily exhausted, and had tried all 
sorts of artificial means to keep up his strength. For some months prior to the 
onset of his trouble he had been using aleohol in the form of whisky in large 
quantities. For three months before the onset of his illness he had been taking 
not less than a quart a day He continued to work and took very little food 


He came under my observation in October, 1898. His illness had commence: 
gradually three months before this, with pains in the legs, followed by weakness 
and atrophy of the muscles, hyperesthesia and redness of the skin About a 
month after the onset of the trouble in his legs the hands and arms also becamy 
involved. He had been under treatment for two months. At the time I first saw 
him he complained of great pain in the legs, particularly at night, hyperesthesia 
of the skin below the knee, and marked tenderness in the muscle groups of the 
legs and arms. He was unable to walk and could with great difficulty use his 


irms to feed himself 


1. Nothnagel: Specielle Pathologie und Therapie. Vienna, 1899 a Til: 
Abth. III 
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First Physical Eramination.—This showed a poorly nourished man with gray 
hair. The mucous membranes were pale. He was lying in bed in the dorsal 
decubitus. The examination of the thoracic and abdominal organs showed noth 
ing of note. The patient had no lymphatic enlargement, and no bladder or rectal 
disturbances. The nervous system showed no involvement of the cranial nerves. 
Ihe pupils were equal and reacted to light directly and consensually and to 
accommodation. The upper extremity reflexes were elicited with difficulty. The 
abdominal and cremaster reflexes were very sluggish. The knee-jerks, Achilles 
tendon reflexes and plantar reflexes were absent. There was marked weakness of 
the extensor and flexor groups of the wrist and fingers. This was most evident 
in the extensor groups, giving rise to the typical “wrist-drop.” There was great 
muscular atrophy and motor weakness of both lower extremities, the power of the 
flexors and extensors of the toes and feet being practically wanting. The quad 
riceps groups and flexor group of the back of the thigh showed a diminished 
motor power. 

Sensation: There was marked hyperesthesia of the skin of the feet and legs 
The pain and temperature sensation were practically wanting from below the 
knees and below the wrists in the upper extremities. The touch sensation of the 
upper extremities was also much diminished. Touch sensation in the lower 
extremities was much delayed and, except in the hyperesthetic areas, was almost 
wanting. The muscles of the calves and of the thigh were very tender on pres 
sure. The nerves were tender, but no swelling could be made out on palpation. 

Course of Disease —The patient’s recovery was uninterrupted and he returned 
to his home in the spring. At this time he was able to walk with the assistance 
of two canes. In July of the present year, after considerable walking, he noticed 
that the skin over the distal ends of the third metatarsal bones of both feet was 
greatly thickened. Later the center of this area broke down, leaving a large 
ulcerated area; this extended in quite deeply and discharged a considerable quan- 
tity of pus. These ulcerated areas differed in no way from the perforating ulcers 
seen in tabes dorsalis. At first they were not very painful, but as the sensation 
improved the patient noticed that the pain increased. If he would keep perfectly 
still the pain would not be very marked. The ulcer on the left foot was much 
larger and deeper than the one on the right foot. At its maximum, it extended 
three-quarters of an inch across, and in the deep fascia. As far as could be ascer- 
tained, there had been no involvement of the tendons or of the deeper structures. 
rhe skin surrounding these areas was anesthetic to pain; but, as the sensation 
continued to improve, the ulcers became very painful. The causation of these 
ulcers was of some interest. The patient had a flattening of the anterior arch of 
both feet, and the thickening had existed for some time prior to the onset of his 
neuritis This thickening had occurred over the head of the third metatarsal 
bones, and is very commonly seen in cases of flattening of the anterior arch. The 
pressure caused by continued walking, with the lowered trophic condition due to 
the inflammation of the peripheral nerves, was probably responsible for the ulcer- 
ation. As the neuritis improved the ulcers slowly healed. 

Second Physical Examination.—In November, 1908, the knee-jerks, Achilles 
tendon reflexes, and plantar reflexes had returned. The sensation showed an 
absence of capability to distinguish the light touch of cotton and the light prick 
of a pin in the feet. The deep sensation, formerly absent, was now normal. The 
sensation of the legs was normal. The fact that sensation had not completely 
returned is in keeping with the studies of Head, as he has shown that as long as 
two years may elapse without the return of the finer or epicritic sensation; and, 
in this instance, the sensory loss belongs to this type. 
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The case is of interest as showing how the flattening of the anterior 


arch, a condition which, under normal circumstances, only gave rise to 


great thickening of the skin, had, when the neuritis was added, produced 


typical perforating ulcers. As a rule, trophic ulcers occur at the points 


of pressure at the base of the great 


seems to be the next in frequency. 


whether this flattening of the anteri 


and little toes. This central pe int 
It would be of interest to note 


} 


or arch might not be an Important 


factor in the localization of perforating ulcers in tabes and other condi- 


tions. Since the preceding portion of this was written, in fact, a case of 


tabes dorsalis has been observed in 


which perforating ulcers, involving 


the deep structures in this situation, were associated with flattening of the 


anterior arches. 
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THE INFLUENCE OF SCOPOLAMIN-MORPHIN NARCOSIS ON 
METABOLISM * 


F. M. BARNES, Jr., M.D 


BALTIMORI 

During the course of some studies of metabolism it was desired to 
bring about a moderate grade of anesthesia in order that a diagnosti 
lumbar puncture might be made possible. and for this purpose a mixture 
of scopolamin (hyoscin), hydrobromate and morphin (sulphate) was 
given subcutaneously a short time before the operations were carried out.’ 
It is stated? that morphin and several of its derivatives when given in 
therapeutic doses will cause no alteration in the respiratory metabolism, 
while conclusions concerning the protein metabolism are at variance, 
some observers having found an increase and others a decrease in the 
intensity. In either case the variation seems to have been quite slight. 
With atropin and several of its congeners, however, a somewhat more 
definite result seems to have been obtained. De Stella.“ after long-con- 
tinued small doses of scopolamin, noted in four experiments on rabbits 
and dogs that there occurred a decrease in not only the volume of the 
irine, but also in the content of nitrogen, phosphorus and chlorin. These 
experiments do not seem to be entirely conclusive, and it was determined 
to employ the drugs as usual and to keep watch for any effect on the 
metabolie functions. 

, 


particularly related to the administration of the drugs is composed of the 


accompanying table picturing that portion of the investigation 


results obtained from the observation of five individuals, the first four of 


whom were subjects of undoubted paresis. The fifth was a healthy man, 
23 vears of age, emploved as a nurse, who willingly offered his services for 


1 


experimentation. The histories of the patients are not of importance in 
this consideration, with the exception that in the two cases (those of 


P. L. F. and R. B.S.) scopolamin-morphin had been given almost dail 


* From the Clinical Laboratory of the Sheppard and Enoch Pratt Hospital. 

1. In order to perform a lumbar puncture for the purpose of diagnosis in these 
patients it is desirable and generally necessary to administer some sedative medi- 
cine to allay the attacks of motor restlessness and irritability to which persons 
with general paresis are so frequently subject. The effects of the drugs thus 
administered for diagnostic and therapeutics measures are recorded here in so far 
as the metabolic functions are concerned. 

2. Von Noorden: Pathologie des Stoffwechsels, ed. 2, 1907, ii, 775. 

3 De Stella: Ibid., 1907, ii, S07. 
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for months preceding these observations. The other two patients 
(R. N. H. and E. J. D.) had had only very occasional doses of these 
drugs, and none at all for several months past. During these observa- 
tions it so happened that the scopolamin-morphin was given during two 
successive twenty-four hours, with the exception of the one patient 
(P. L. F.) to whom it was given daily to allay excitement and motor 
restlessness. The hour of giving the drugs, together with the amount, is 
ndicated in the table. 

The plan of the work and the analytical procedures employed have 
not differed essentially from those previously described as used in this 
laboratory.* A liquid diet (the Folin milk and egg diet) prepared in the 
laboratory was taken throughout each of these separate periods. The 
collection of the urine began on the fourth morning after beginning the 
diet. Patients were kept in bed during the period of observation and 
were constantly under the watch of special nurses. The nurse experi- 
mented on engaged in the usual! routine duties of the ward, with the 
exception of the evening when he was given the scopolamin. 

The tabulation of the results makes patent the influence of the nar- 
cotic mixture, and only a few general points call for further textual 
notice. The narcotic effect of the drugs was evidenced in a fairly uni- 
form manner so that, with the exception of one patient (E. J. D.), in 
whom only a decided drowsiness ensued, a profound sleep of from four 
to five hours was produced. The nurse who received the scopolamin alone 
showed an entirely different train of symptoms, which will be more fully 
mentioned later. It may be seen at a glance that the two patients 
(R. N. H. and E. J. D.), who had not been more or less accustomed to 
the drugs by frequently repeated doses, show very sharply the action of a 
single dose in so far as the urine and its several constituents are con- 
cerned. In the first instance (R. N. H.) a definite drop in almost every 
urinary constituent is evident, and this is perhaps even better shown in 
the other patient (E. J. D.). Such daily variations of so extensive degree 
have not been noted in the cases of paresis similarly studied, in which 
the drugs have not heen administered. In these two patients on the day 
following the scopolamin-morphin there is to be noted an increase in the 
various urinary bodies, which in general gives amounts that are slightly 
higher than those of similar bodies on the days before the drugs were 
given. This increase, however, is not enough to compensate fully for the 
reduction following the giving of the drugs. 





4. Barnes: A Study of the Metabolism of Two Atypical Cases Related to the 
Dementia Precox Group, Am. Jour. of Insanity, 1909, Ixv, 593. 
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When one examines the figures obtained from the other two observa- 
tions on the patients (P. L. F. and R. B. 8.) it is found that the same 
regularity of variation in the amounts of the different urinary constitu- 
ents is not present in relation to the time of the administration of the 
drugs. The first patient (P. L. F.), during the four days of the observa- 
tion, received in all six doses of the drug mixture; and, of these. thre 
were given on the third day of the period (April 21). The second patient 
(R. B. 8.) was given three doses in all during the entire period, and all 
of these during the twenty-four hours ending May 19. Although there is, 
in general, more irregularity shown in the influence of the drugs on the 
urinary secretions, there is one point which seems quite clearly shown in 
the table; that is, on those days during which three doses of the drugs 
were given there occurred a decrease in the excretion directly analogous 
to that which has been observed in the other two patients when only one 
dose was given, and, further, it is seen that this reduction is not so 
quickly recovered from, and that on the next day the amounts are still 
lower than might be expected. This is particularly true with the first 
patient (P. L. F.) and is not so entirely unexpected in accordance with 
the other results here obtained, as he received more of the drugs. In the 
other case it is to be noted that the volume of the urine particularly 
remains low, whereas the other constituents show a definite tendency to 
resume former levels. The points above indicated in these two cases 
would seem to show that in individuals who have become accustomed to 
these drugs by frequently repeated doses given over a long period of time 
some form of tolerance is produced which makes necessary the use of 
larger quantities of the drugs in order to bring about conditions of 
metabolism which occur with smaller doses when given to individuals not 
possessing such resistance from custom. 

In none of these four cases was there noticed any especially constant 
disturbance of the relative amounts of the various urinary constituents, 
although there is shown a slight tendency toward an unequal variation. 
This is seen in the slight elevation of the nitrogen, phosphorus and sul- 
phur ratios. 

The outward action of the scopolamin alone on the nurse was oppo- 
site to that of the scopolamin-morphin on the patients; instead of drowsi- 
ness or sopor, a distinct elevation of function was occasioned. This was 
evidenced by motor restlessness and activity within a few minutes; soon 
unsteadiness in walking and general confusion of psychic processes were 
easily determinable. Within half an hour after the injection was made 
the nurse was put to bed and there remained until the following morning. 


For the succeeding hour and a half after going to bed there was present a 
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condition not entirely dissimilar to a mild delirium, during which a con- 
vlomeration of pseudohallucinatory experiences and incomplete delusions, 


largely resultant from disturbances within t! 


1e scope of the visual appa- 
ratus, together with an uncertain ability in personal identification, 
occurred, By 9 o'clock nearly all of these symptoms had vanished 
although sleep did not occur until 1 o'clock the next morning. The sole 
npleasant result of the experiment was the thirst following the wearing 
away of the effect of the drug. The results of the urinary analysis for 
ese twenty-four hours show an increase in output which is not less 
nteresting than the extraordinary decrease of the following day.2 These 
variations are far too extensive to be entirely accidental. With 
several other “normal” persons on whom similar studies of metabolism 
have been made in this laboratory no such results have been obtained. 
The ratios, which in the four patients showed some tendency to variabil 
tv, were not affected in this experiment, except that on the last day they 
were somewhat lower than previously. In general, there was in this indi- 
dual an effect almost the exact opposite of that produced bv the drugs 
viven the four patients. Instead of the initial drop there occurred an 
nerease followed by a fall. 
Can these apparently divergent results be brought into accord? In 


= connection it is necessary to bear in mind that all four of the patients 


eceived sufficient of the two drugs to bring about a depression of activi- 
ties, whereas the nurse was given the scopolamin alone, and this resulted 
na state of mild excitement. Individual idiosynerasy must be given duc 
consideration, and espe ially in this instance, as the nurse reports that, 
although he has had no experience with drugs, he is particularly suscepti- 
to alcohol, and small quantities will produce effects quite similar to 
those here noted to have followed the administration of the scopolamin 
The most striking point thus far met is that with the patients there 
is a decreased output through the kidneys coincident with a varving 
grade of outwardly apparent depression of general activities, while with 
the nurse the opposite state obtains. Certainly it is suggestive that thes 
results may be due in part to secondary factors. whether the given indi- 
vidual is in a state of activity or rest. At least, in these experiments the 
parallelism between the degree of activity and the variation in the uri- 
nary findings seems most direct. The four patients were in bed through- 


the entire period of observation, but were frequently restless and 


+ Although this last day at first suggests some loss of material, I feel quite 
certain that all urine voided during the twenty-four hours is here represented 


this experiment would no doubt have been of more complete value if continued 


for at least another day, but this could not be done 
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uneasy, perhaps because previously they had been allowed to by 

about and could not accommodate themselves sufliciently we! 
enforced rest necessitated DY these studies. When the drug Was In effect, 
even this restlessness was annihilated. On the other hand, the nurse was 
engaged with his routine duties up to the moment the hyoscin was given, 
and the added abnormal activity which this occasioned persisted for sev- 
eral hours. It has been shown,® however, that when the diet contains a 
sufficient amount of carbohydrates and fat the protein metabolism is not 
apprec iably altered by muscular activities. The diet used here conforms 
to these requirements and, therefore, it is necessary to throw aside this 
factor as a possible explanation of the variations in the protein metabo 
ism as found in these observations, 

Whatever may be the cause or the specific manner in which the varia- 
tions in the urinary constituents were produced, there has been apparent! 
some interference through the action of these drugs with one or mor 
steps at some point in the process of metabolism which has led to a get 
eral deviation from the normal in the amounts of the various urinar\ 
bodies as determined in these analyses. And the very fact that this 
deviation, whether an increase or the reverse, has been such that the 
usual ratios have not been changed, would seem to indicate that the fore 
in effect has been of such a nature and has been applied at such a point 
as to occasion a retardation (or acceleration) of the metabolic processes 
at a stage at which all elements would be influenced equally. Looking at 
the question from this point of view. the following possibilities need to 
he considered : 

1. There may have been some delay in the processes of absorption 
from the alimentary tract. 

2. There may have been a variation in the intensity of tissue metabol- 
ism. 

3. An interference with the elimination of normally formed products 
may have occurred. 

That there may have occurred some delay in the absorption seems 


possible. The effect of morphin alone on the intestinal movements has 


heen known for some time, but the work of Magnus has added much t 
this knowledge. Magnus’ has shown that morphin causes a very hig! 
grade of retardation in the passage of food along the alimentary canal 
and that after the administration of morphin food remains in the stoma 

6. Wait: Experiments on the Effect of Muscular Work on the Digestibility of 
Food and the Metabolism of Nitrogen, U. S. Dept. of Agric., O. E. S. Bull. 117 
1902, p. 40. 

7. Magnus, R.: Die stopfende Wirkung des Morphins, Arch. f. d. ges. Physiol 


1908, exxii, 210. 
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many hours longer than is normal. Such a stasis of the food would lead 
to a delay in absorption which would very probably cause a decrease in 
the amount of food metabolized, and this in turn would show itself in a 
decrease in the output of metabolic products during the period over 
which the drug was in action. And yet the reduction on the days when 
the drugs were given is not so very extensive—not so much as one might 
expect from the enormous delay that Magnus has shown to occur as the 
result of morphin alone. This suggests that the scopolamin may exert 
some antagonistic action, so that the full effect of the morphin is not 
brought into action. The effect of the scopolamin alone on the nurse 
might offer additional weight tending to corroborate this suggestion. 
Whether or not it would be justifiable to accept this, it seems that with- 
out doubt the effect of morphin in producing delayed absorption from 
the alimentary tract is one of the most important and prominent factors 
in explaining the deviation of metabolism as found in this study. 

A decrease in the tissue metabolism is the second stage at which a 
general action of the drugs might be looked for. It would not be expected 
that a variation that would affect the metabolism of nitrogen would occur 
at this point; and, although such may be the case, there is no tangible 
evidence to support the conclusion that any of the metabolic processes 
were here interfered with so as to cause such variations in the urinary 
output as have been found. 

The action of morphin on the intestinal movements would perhaps be 
of considerably more importance in considering the elimination of nor- 
mally formed metabolic products through the feces. The slowing of 
bowel evacuations due to morphin was not particularly well marked in 
these cases. Unfortunately, as the feces were not divided into twenty- 
four-hour periods corresponding to the times when the urine was col- 
lected, the determination of the average daily output of the fecal constitu- 
ents for the whole period of the experiment would offer no data of value 
in this connection. On this account these figures are not given here. 
The action of the members of the atropin group on the secretions in 
general might lead to the idea that it had exerted some effect on the renal 
secretion in the case of the patients. Besides the fact that the atropin is 
not supposed to exert directly much effect on the kidneys, however, we 
have the diametrically opposite effect produced in the nurse to whom the 
scopolamin was given alone. It is notable, too, that with the nurse the 
water content of the urine was but very slightly increased, so that the 
enormous relative increase in the amounts of the other constituents can- 
not be due to a flushing-out action of a sudden, large increase in the 
amount of the urine voided. That the entire variation may not be 
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imputed to an incompletely emptied bladder, it might be stated here 1 


with all of the patients it was deemed advisable to use the catheter fre 
quently in order to avoid, as far as possible, errors from this source 


The third patient (EF. J. D.), for instance, in whom the decreas 


exceedingly clearly shown on the second day, was catheterized both during 


the twenty-four hours and each day exactly at the time of ending of 


period, 


In the patients the decrease noticed was not merely a return to nor 


mal from a level already heightened by some unknown process incident 


to the diseased state. That this is true is seen in the fact that t 
amounts of the various urinary constituents excreted before the dru 
were given is in most instances already decidedly lower than that whi 
is considered the “normal” for this particular diet. With the nurse t] 
amounts were definitely hi 


hours during which the drug was administered. 


CONCLUSIONS 


Although generalizations cannot be drawn with final security fro 
limited a series of observations, it seems that the points brought ou 


these observations justify the following conclusions: 


1. Scopolamin-morphin when given together in sufficient g 
and when leading to a depression of activities cause a decrease 
] 1] { 


absolute amounts of nearly all of the normal constituents of 


2. Scopolamin alone, when it leads to an elevation 


causes an increase of such constituents. 


3. The increase or decrease affects all constituents about equa 

t. The effect of both drugs together or of the scopolamin alone 
shown transiently not more than twelve hours and perhaps less, and 
the day following the administration of the drugs the variation is part 
counterbalanced by an increase or decrease, as the case may be. 


. Repeated doses of both drugs toget] er over a long 


will lead to a form of tolerance. 


} 


6. The influence on metabolism, as indicated by the variations 
urinary secretion, seems due to an indirect and secondary 
drugs. The retardation of rption trom the alimentary 
sidered the prime cause To! variations found in the 


these studi Ss. 


ther than this normal for the twenty-fom 
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PHYSIOLOGICAL AND PATHOLOGICAL EFFECTS OF SEVERE 
EXERTION (THE MARATHON RACE) ON THE 
CIRCULATORY AND RENAL SYSTEMS * 

JOSEPH H. BARACH, M.D. 

PITTSBURG, PA. 


INTRODUCTION 

One of the decisive battles of the world was fought in year 490 B. C. 
Miltiades, a Greek general, commanding an army of but 11,000 men, 
defeated the Persians, numbering over 100,000. The conflict took place 
on the Marathon plain. After the battle a soldier was dispatched to carr) 
the news of victory to Athens, a distance of 40 kilometers (24.85 miles). 
As he reached his destination, having run without stopping, and as he 
emitted the words, ‘Victory is ours,” he fell dead. 

In 1896 the Grecian government established the course covered by this 
unknown soldier as an official event of the Olympic games. America was 
not especially interested in this until an American youth, in 1908, won 
the race. Since then it has become popular on this continent; it has, in 
fact, become almost a craze with the American boys to train for and com- 
pete in these races. 

It can easily be seen what a fertile soil for study of the circulatory 
system such youths might furnish, and this study has, along certain lines, 
been made with fruitful results. 


HISTORICAL 
In 1899 Drs. Williams and Arnold? studied a series of these cases. 
From 1900 to 1903 Drs. J. B. Blake and R. C. Larrabee? studied the con- 
testants who ran in the Boston Athletic Association race. Since then a 
series of these have been studied by Drs. Nathaniel B. Potter and James 
T. Harrington.* The work reported so far is admirable and full of inter- 
esting findings, much of which all investigators in the future will find 
themselves repeating. The most difficult problem that presents itself to 
Presented by invitation before the American Physiological Society, Dec. 30, 
1909, Boston. 
1. Williams and Arnold: Effect of Violent and Prolonged Muscular Exercise 
on the Heart, Philadelphia Med. Jour., 1899, iii, 1233. 


2. Blake, J. B., and Larrabee, R. C.: Observations upon Long-Distance Run- 
ners, Boston Med. and Surgical Jour., 1903, exlviii, 195. 
Potter, N. B., and Harrington, J. T.: Medical Supervision of Athletics 


Among Boys at Boarding Schools, Jour. Am. Med. Assn., 1909, liii, 1957. 
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the investigator along this line is the handling of these youths and men. 
In our work this was made comparatively easy for us by the Pittsburg 
Athletic Association. They made it imperative that the contestants pre- 
sent themselves for examinations at the specified times, and with that they 
liberally furnished us everything necessary and convenient to make thes 
studies successful in every possible way. For all this we wish to express 
our sincerest appreciation, and we feel that the results that they have 
made possible have warranted their liberality. 

The work here considered is but one phase of the studies carried out 
by Dr. Watson L. Savage, Dr. John W. Boyce and myself. My part of 
the work is limited to the circulatory and renal systems, and I present 
the observations here in the order in which they were made. 

The 55 contestants in this race were youths and men from the ordi- 
nary walks of life, and most of them were new recruits to this form of 
exertion. 

PULSE-RATE DURING TRAINING 

At some time during the week before the run we had the contestants 
count their pulse in the morning before getting out of bed and in the 
evening before retiring. They all ran their training distance on that 
day, which varied from 2 to 18 miles, the average being 7. 

Table 1 shows the morning pulse to have been below 71 in 13 out of 
16 cases, and the evening pulse was below 71 in 10 out of 16 cases. 
Taken as a whole, the pulse-rate is a little slower than what is considered 
norma! for the average individual. 


TABLE 1.—MORNING AND EVENING PULSE DURING TRAINING 


Morning Puls Evening Pulse 
Cases Cases 
40-50 1 40-50 0 
50-60 6 50-60 2 
60-70 6 60-70 — 
70-80 3 70-80 6 
16 16 


RELATION OF MORNING AND EVENING PULSI 
I noticed that in about half of the number there was a marked differ- 
ence between the morning and evening pulse-rate. In Table 2 these 
cases are separated in two groups. A further study brought out the 
interesting fact that those subjects who showed the greater diurnal varia- 
tion had higher blood-pressures. And there was but one subject that 
showed high blood-pressure who did not have this marked diurnal varia- 


tion. 
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The subjects in the second group are further advanced in life than 
those of the first group and a higher blood-pressure is to expected ; never- 
theless, as will be seen later, these readings are higher than they should 


I 


he, all things considered. 


rABLE 2 MORNING AND EVENING PULSE DURING TRAINING 


Normal Variation Hypernormal Variation 
T’ulse Pulse 

\ww A.M P.M B.-1 Ag A.M P.M B.-I 

18 72 6S 110 20 a2 3 140° 
19 s 58 118 1 oo 74 135 
0 n4 64 120 25 moO 70 150 
22 wo 65 125 29 60 74 162 
22 0 74 125 1 4S 67 138 
+t) 64 6 115 6 aos) 65 132 
29 0 62 122 6 70 78 140 
29 65 71 120 4 6 6S 134 


* Exceptional case 


PULSE-RATE BEFORE THE RACI 


The pulse-rate was taken In the horizontal position in all cases before 
the race. Half of them on the preceding evening and the others in the 
forenoon within three hours before the race. So far as could be esti- 
mated, the psve hie influence of our investigations on these contestants at 
this time was not a considerable factor, as we made an effort to put them 
at ease so as to eliminate, if possible, such influence on the pulse-rate and 
slood-pressure readings. 

Table 3 shows that, while the pulse varied from 50 to 110, in most 


cases it Was normal. 


rABLE 3 PULSE-RATE BEFORE RACE 


No. Cases l’ulse-Rate No. Cases Pulse-Rats 
2 DODD 10 7: SO- SOF 
0” DD-HOF 1 &5- OO 
7 HoO-H5* » HO- OF 
11 65-70" 2 95-100 
9 : TU-75* 1 100-105 
S T5-SOF 2 105-110 


lotal number of cases, 55 


* Pulse-rate 55 to 75. 27 cases Pulse-rate 75 to S35, 18 cases 
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BLOOD-PRESSURE STUDLES 


These records were made with the Erlanger and the Stanton sphygmo 
manometers. They were both fitted with the same width rubber cuff (10 
em.) and had been previously tested and compared. All the work referred 
to in this paper was performed with the instruments used in these obser- 
vations. 

Before the race we obtained complete records made with the Erlanger 
instrument in 24 cases and with the Stanton in 21. No attempt was 


made at reading the diastolic pressure with the Stanton instrument. 


NORMAL BLOOD-PRESSURI 


As a basis for comparison in this series a curve was constructed based 
on 90 blood-pressure observations in normal males at the succeeding 
vears. This is shown in Chart 1 and the succeeding charts of averages. 
Or the individuals of 60 and over, while it may be said that they should 
not be considered normal on account of the changes that are invariably 
present at that age, vet I can affirm that they were distinctly free from 
marked evidences of disease. 

It will be noted that with the advance of vears the curve gradually 
tends upward. This seems in accordance with the fact that the heart 
enlarges as the age of the individual progresses, 

With this line as a normal level of the maximum blood-pressure, in all 
of my observations in the past, I have found that a variation of more than 


) ! 


25 mm. above or below is usually associated with evidence of disease. 


MAXIMUM BLOOD-PRESSURE BEFORE RACI 


Tnese determinations were made with the Erlanger instrument 
eighteen hours before the race in 24 cases, and with the Stanton two 
hours before the race in the other 29 of the series. The average maximum 
blood-pressure of the entire series of 53 cases was 126.5 mm. 

The average maximum of these cases, arranged according to the age. 


is shown in Table 4, which shows the constancy and regularity with 


which the blood-pressure rises as age advances, 


TABLE 4 AVERAGE MAXIMUM BLOOD-PRESSURE BEFORE RACE IN 45 CASES 


No. Cases Aue Average Maximum B.-I’ 
12 18-20 122.75 
=) ath-Le 125.05 
11 25-30 129.00 
4 SOR Ph6.00 
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The average maximum, minimum and pulse-pressures of these con- 
testants, first in the horizontal and then in the erect position of the body, 
is to be seen in Table 5. These cases are arranged in the order in which 
the contestants finished in the race. As is well known, the change of the 
body posture causes certain alterations in the relation of the pulse and 
blood-pressures. These are noted in the last column of the table as plus, 
minus and equal. The conclusions from these will be commented on 


later. 


TABLE 5 BLOOD-PRESSURES BEFORE THE RACE IN HORIZONTAL AND 
ERECT POSTURES 


Horizontal Erect 
B.-P B.-l’ Result 
No. Age. Pulse Ss LD I’.-. Pulse Ss Db P.-P I’ Ss D P.-P. 
i 18 72 110 ow 20 72 115 su 30 : + 
, 238 105 se oS 4 q 128 or) - 
7 6 63 132 100 = 76 132 100 2 = 
ll 19 7s 120 SS > oo 120 SU 40 - + 
12 21 76 145 100 45 SO 145 100 45 = 
1 22 74 125 100 25 76 122 100 22 *. 
1D 19 S4 110 90 20 S4 118 S85 - P 
17 2 106 135 vo 45 106 135 100 ID 4 
19 oT 66 122 90 32 76 118 90 28 : = — 
“pep °1 80 130 100 30 83 132 110 22 4 + -+ a 
24 27 67 120 95 25 72 30 100 20 he 4 A, <, 
27 19 54 118 v2 26 74 112 92 20 
0 25 65 110 90 20 70 112 98 14 ~ — 
» 12 s2 134 100 34 78 138 100 3S - + — 
- 1 ou 24 Oo pa |] 76 120 100 20 + 4 om 
9 19 87 155 130 25 S4 142 118 4 — 
40 2 66 133 110 23 66 135 100 1D ods 
41 64 130 92 8 4 132 90 42 + 
i3 “0 75 120 SS 32 76 100 SO 20 - 
7 29 83 162 112 0 85 150 105 45 
is 27 62 130 11M) 0 72 120 100 20 
40 2% 42 130 5 > 70 132 100 y4 
“ 21 7 hi SO 0 70 110 85 a} 
1 18 6 118 WO p. Ss 110 on) 15 
14 10 8 8 
— 4 11 9 14 
Average 74.8 127.8 96.7 30.3 78.3 124.9 95.9 29.3 6 3 9 4 
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TABLE 6 MAXIMUM, MINIMUM AND PULSE-PRESSURE BEFORE RACE 
ACCORDING TO AGE 
HORIZONTAL 
Age 18 to 20— —Age 20 to 25 Age 25 to 30 Age 35 to 40 


Max. Min. P.-P. Max Min P.-P. Max Min. P.-P. Max Min. P.-P 


110 90 20 145 100 45 132 vs 34 132 100 32 
120 85 35 125 100 25 122 v0 32 
110 90 20 135 00 45 120 O5 25 
118 92 26 130 100 30 110 oo 20 
155 130 25 124 UO 29 162 112 50 
118 95 23 133 110 23 130 100 30 
20 SS 32 10 a) > ‘ 2 


105 85 20 134 100 34 
Average 
121.8 97 24.8 123.3 6 31 120 Os 32 
ERECT 
115 sO 35 145 100 Ln 128 oo oo 13S Lin) 32 
120 sO 40 122 100 22 118 90 28 
118 SS 33 135 100 35 130 100 30 
112 a2 20 132 100 23 112 98 14 
120 100 20 150 105 45 
142 118 24 
135 100 35 120 100 20 
110 95 15 
100 SU 20 132 1 32 AGE 52 
110 85 25 ‘ 138 100 38 
Averag' 
119.5 91.6 27.8 124.8 95.6 28 127 8.2 «25.5 





Fig. 1 Average maximum blood-pressure (before the race of contestants 
(line A-A 
line N-N) 


) compared with average maximum blood-pressure in {0 normal men 


On the maximum blood-pressures in all the subjects at their respe 
ages I have constructed the chart shown in Figure 1, and it is to be 
noted that this curve is at about the upper limit of the normal blood 


pre ssure zone. 
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RELATION OF BODY WEIGHT TO BLOOD-PRESSURI 


Table 7 shows that half of the overweighted subjects and a little over 
a third of the underweighted subjects had higher than average blood- 
pressure. Between the degree of overweight and the height of the blood- 


pressure there was no relation whatever. 


rABLE 7 RELATION OF BODY WEIGHT TO BLOOD-PRESSURE 


O38 Cases 
Cases Hypertension 
Underweight 34 10 
Overweight 16 S 
Normal 3 0 


RELATION OF OCCUPATION TO BLOOD-PRESSURI 


The occupations were subdivided according to the amount of physical 
strain. Only those were classified with the hypertension cases whose 


pressures were distinctly above the average for the age of the subjects. 


rABLE &S RELATION OF OCCUPATION TO BLOOD-PRESSURE 


B.-l. Average B.-. Above Average 
Professional 2 1 
Clerk 7 l 
Light Labor » * 2 
Total 15 4 
Heavy Labor 0 13 


RELATION OF PREVIOUS MARATILON RUNS TO BLOOD-PRESSURE 


Some of the contestants were experienced long-distance runners, but 
most of them had partaken in long-distance races not more than one 
vear; so that the extra strain thrown on the circulatory svstem was rather 


sudden and in some instances it was persistent during the entire year or 


Table 9 shows the number of races run and the time of long-distance 
nning. The runners showing high blood-pressure are in those who had 
trained for and run from three to five races within the first vear of their 
experience. The experienced runners of nine, ten, eleven and twenty 


rs all had average blood-pressures. 
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TABLE 9.—PREVIOUS RUNS AND BLOOD-PRESSURE 
Years Long Dis. Kun Marathon Races Blood- Pressure 
= S Average 
Average 
Average 
Average 
Average 
High 
High 
High 
Average 
High 
High 
Average 
Average 
Averagé 


Average 


RT CASES 


Auscultation was carried out in every one of the 55 contestants, 
within twenty-four hours before the race, with abnormal findings in seven 


cases, as shown in Table 10. 
rABLE 10 HEART CASES 


Systolic murmur at apex 
Systolic murmur at pulmoni 
Muffled first sound at apex 


Arrhythmia 


On inspection, a considerable number showed very prominent apex 


beat, and in nearly all cases the impulse was plainly visible. Percussion 


was not carried out, as the presence of hypertrophy was to be determined 


'v a more accurate method. 


BLOOD-PRESSURE IN ILEART-MURMUR CASES 


In each of the five murmur cases there was a maximum and minimum 
pressure distinctly above the normal line, and four of them showed a 
pressure verv much higher than the average height. 


Table 11 gives the readings in these cases, and Figure 2 shows their 
maximum blood-pressure as compared with the other athletes and normal 


individuals, 
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TABLE 11 HEART-MURMUR CASES 


Age. Max. Blood-Pressure Min. Blood-Pressure. 
18 110 90 
19 155 130 
23 lav 100 
20 162 112 
36 132 110 





Fig. 2.—Average maximum blood-pressure (line H-H) of five contestants with 
heart murmurs (before the race) compared with average maximum bleod-pres- 
sure of other contestants (line A-A) and of normal men (line N-N). 





RELATION OF HEART CASES TO BODY WEIGHT 


Having learned that in these cases there was no history of cardiac 
involvement from disease, ] thought it might be of interest to search for 
other causative factors. We have studied the age, height and weight of 
these contestants and classified them as over, under and normal weight. 
The relation of these heart cases to the body weight is shown in Table 12. 


rABLE 12.—BODY WEIGHT IN HEART CASES 


Before Race After Race 
Heart Weight.* Heart. Weight 
Intermittent . - Intermittent . - 
Syst. Apex . N Syst. Base .. - 
Syst. Apex - Syst. Apex . N 
Syst. Apex - Syst. Apex - 
Syst. Apex Irreg = 





Syst. Pulmonic 
Arrhythmia 
* In this column means overweight ; —, underweight, and N, normal 
The table shows that the murmurs were entireiy independent ol pody 
verweight, and that the proportion of underweight cases is about the 


s € as in the entire series. 


{ 
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BLOOD-PRESSURE AFTER THE RACE 





The blood-pressure readings were made immediately after the finish 
in nearly every case. In only a few instances was it delayed four or five 
minutes after entrance to the medical tent. For comparison, the read- 
ings obtained before the race are repeated in the following tables. TT) 


average of the maximum pressures before the race was 126.5 (5 
and 107.3 (38 cases) after the race. 


Table 13 gives the readings in the individual cases after the race and 


the average pulse-rate, maximum, minimum and pulse-pressures, in the 
horizontal and erect postures. The effects resulting from the change of 
posture are to be noted in the last column. 


TABLE 13 PULSE-RATE AND BLOOD-PRESSURE IN HORIZONTAL AND ERECT 
POSTURES AFTER THE RACE 
Horizontal Erect 
7 Result 
Pulse s ; 


Ss 


SS 
108 


100 


Average. 95.6 103.6 111.3 100.2 S824 











ae eet ee 











3H2 BLOOD PRESSURES IN) MARATHON RUNNERS 





The averages of the readings after the race (Table 13), as compared 
with the findings previous to the race, are shown in Table 14. 


rABLE 14.—PULSE-RATE, MAXIMUM, MINIMUM AND PULSE-PRESSURE, BEFORE 
AND AFTER THE RACE 


- Horizontal-———_—— -~-— ——FErect- -— ——- 

Cases. Pulse Max. Min. P.-P. Pulse Max Min. P.-P. 

Before 24 74.8 127.8 06.7 30.3 78.3 124.0 95.9 29.3 
After ° , 19 95.6 103.6 82.5 22.0 111.3 100.2 82.4 19.1 


Arranged according to age, the individual readings are to be seen in 
Table 15. 


rABLE 15.—MAXIMUM, MINIMUM AND PULSE-PRESSURE AFTER RACE, 
ACCORDING TO AGE OF SUBJECTS 


HORIZONTAL 


Age 18 to 20 Age 20 to 25 Age 25 to 30 —Age 35 to 40 
Max Min. P.-. Max Min I’.-P Max Min P.-P Max. Min. P.-P. 





Oy &N ; 108 SO ss O5 gO 15 SS 
100 70 30 4 74 20 110 S85 25 
105 80 25 100 si at) 110 4a 1S 
114 oO o4 100 SL 18 110 5 15 
sO 7D 5 
v2 is i+ 
108 SS 20 AGE 52 
120 SS 2 118 92 26 
Average 
101.2 S1.2 20 101.4 SI 20.4 106.2 83 ps 
ERECT 
s 90 Ss 100 bel 20 wo SS 
108 75 33 v2 s0 12 100 85 15 
110 75 5 
SO rey) 1 110 92 18 
10S oO 18 
on sO 15 
x 70 10 
10S XS aa) AGE 52 
loo su ” 10S 90 18 
Average 
101.2 80.4 20.8 95.4 i? 16.4 101.1 85.6 19.5 


The chart shown in Figure 3 is based on the readings obtained imme- 





diately after the race. It shows the normal curve, the curve based on th« 
average of all the cases after the race, and the blood-pressure readings in 
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the murmur cases. It will be noted that the total average curve is now 





below the normal line. whereas before the race it was about 25 mm. above 







the line. It will also be noted that the murmur cases suffered a greater 


fall than the others. 






ae 






Fig. 3.—Average maximum blood-pressure after the race in the contestants 
with heart murmurs (line H-H) and in all contestants (line A-A) compared with 
N-N). 









normal curve (line 








HEART CASES IN THE RACE 








Of the 5 runners who had murmurs before the race, 4 ran the full 


distance and one ran nineteen miles. Three of these were among thx 









first 12 to finish the race. These runners were all new to long-distance 





running. 





After the race the hearts were auscultated in the first 45 as they fin 


ished. Out of the 29 that finished within the time limit (four hours, 






fifteen minutes) 5 prese nted heart conditions. Table 16 shows the place 





in which they finished. The fourth column in Table 16 shows the pro- 








portion of the pulse-pressure after the race to that before. 


ted grams 

























PULSE-PRESSURE RACE IN RUNNERS 


WITH 


BEFORE 
HEART 


AND AFTER 
SYMPTOMS 


TABLE 16 THE 
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Pulse-Pressur 
Race After Race After Before 


Before 


Finished 




















4 2nd Muffled apex first Intermittent and weak 
; ord 0 Systolic base 
$ 4th. Systolic apex Systolic apex - on 















Systolic apex 15 4 





oth.. 









ith Systolic apex a) os 







12th. ‘ Systolic pulmonic 0 20 on 






29th. 





Le ETI ce 


3oth Systolic apex 0 1” =) 









47th Not examined 














50th Not examined 
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These “heart subjects’ had more rapid pulses and smaller pulse- 
pressures as a result of the exertion. Their blood-pressures are shown in 
the charts, Figures 2 and 3. 


BLOOD-PRESSURE TEN DAYS SUBSEQUENT TO THE RACE 


At this time we find the blood-pressure about the same as before the 
race, or, rather, it was nearer the normal line than before. 


rABLE 17.—AVERAGE MAXIMUM BLOOD-PRESSURE BEFORE, IMMEDIATELY 
AFTER, AND TEN DAYS SUBSEQUENT TO THE RACE 


Cases. 
Before ‘ 126.5 53 
Immediately aft . 107.3 38 
Ten days subsequent 124.7 19 


Table 18 shows the average pulse-rate, maximum and minimum, and 
pulse-pressures in the horizontal and erect postures, as compared with the 
tables of the same data before and after. 


TABLE 18.—AVERAGE MAXIMUM, MINIMUM AND PULSE-PRESSURES TEN DAYS 
SUBSEQUENT TO RACE 

Horizontal- —Erect a 

No. Cases. Pulse Max. Min. P.-P Pulse. Max. Min. P.-P. 


Before . 24 74.8 127.8 96.7 30.3 78.3 124.0 95.9 29.3 
Immediately after 19 95.6 103.6 82.5 22.0 111.3 100.2 82.4 19.1 
Ten days subsequent 17 61.8 124.7 92.1 33.7 68.2 125.1 93.2 31.2 


The readings in the individual cases are to be seen in Table 19, and 


these cases, arranged according to age of subjects, are given in Table 20. 


TABLE 19.—INDIVIDUAL MAXIMUM, MINIMUM AND PULSE-PRESSURES TEN 
DAYS SUBSEQUENT TO RACE 


SUBSEQUENT 


Horizontal - Erect 
B.-P B.-P Result 
No. Age. Pulse. 8S. D. P.-P. Pulse. S. D> PnP. P Ss D Pf. 
4 18 50 25 88 37 52 130 95 35 a = — 
a 28 76 119 90 20 80 120 90 30 -- -— > 
7 36 64 124 87 7 70 118 100 18 _ 
11 19 62 120 85 35 SO 130 100 30 + + a e —_— 
12 21 68 152 100 52 74 152 100 52 > : == 
13 22 63 110 75 35 66 110 80 30 -- = — — 














JOSEPH H. BARACH 


rasLe 19.—CONTINUED 
SUBSEQUENT 
Horizontal— Erect 


Average. 61.8 124.7 92 33 8.2 125 


TABLE 20.—PRESSURE READINGS TEN DAYS 
ARRANGED ACCORDING TO AGE OF 


FIORIZONTAL 
P.-P Max Min 


119 


Average 
120. 


Average : 


125 


Age 25 to 


SUBSEQUENT 
SUBJECTS 


P 


Age 
Max 


124 


35 to 


Min. 


ST 


TO RACE, 


40 
P.-P 
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Six months later we examined five of these runners and found the 
blood-pressures lower than at the previous examination; their pressures 
were gradually lowering toward the normal average. The readings in 


these cases are seen in Table 21. 


rABLE 21.—PRESSURE READINGS IN FIVE CASES SIX MONTHS AFTER RACE 


HORIZONTAL 


——Age 18 to 20- Age 20 to 25 -Age 25 to 30—— 
Max. Min. P.-P. Max Min. P.-P. Max Min. P.-P, 
120 oo 30 122 oS 24 110 S4 26 
120 S6 34 
106 s4 se 

Average : 
115. 86. 28. 22. 98 24 110 S84. 26 

ERECT 

110 S6 24 130 100 30 110 82 28 
110 85 25 
112 Ho 22 

Average : 
110. S7. 23. 130 100, 30, 110. 82. 28. 


The chart shown in Figure 4 is based on the findings at the examina- 
tions ten days and six months after the race. The curve at the final 
examination is nearer the normal level. 





Fig. 4.—Average maximum blood-pressures (all contestants) obtained ten 
days (line X-X) and six months (line Y-Y) after the race, compared with nor 
mal curve (line N-N). 


Each of the four charts 5, 6, 7 and 8 represents the blood-pressure 
curve of an individual case. They all show the marked fall resulting 
from the exertion, the height of the blood-pressure ten days after the 
race and the extent to which it had fallen at the end of six months. In 
the case of M——e it will be noted that at the end of six months his 
blood-pre ssure did not recede toward the normal level as the others: the 


reason for this is that he had kept up his training and long-distance run- 


ning to the very day of the last examination. With the high pressure he 
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still had the mitral systolic loud blowing murmur which he presented at 
all of the previous examinations. 

In the last case, that of O———-n, who had a murmur before and imme- 
diately after the race, it was found ten days Jater that the murmur could 
be brought out only by his pacing, and at the end of six months, even 
after pacing for a full half minute, it could not be heard. In this case, with 
the disappearance of the hypertrophy which was accompanied by a fall- 
ing of the blood-pressure, there was a simultaneous disappearance of the 
murmur. 


COMPARISON OF BLOOD-PRESSURE OBSERVATIONS BEFORE, IMMEDIATELY 
AFTER AND TEN DAYS AND SIX MONTHS SUBSEQUENT TO THE RACI 


On the tables 1 to 21 I have constructed Charts 1 to 9. All consid- 
ered, the conclusions from these evidences are that as a result of training 
for the Marathon race a state of increased blood-pressure is developed, 
which is considerably above normal. In some cases when training is 


40 
30 
20 
10 
90 
80 


Fig. 5.—Blood-pressures, case of H-n; line A-A, maximum horizontal; line 
B-B, maximum erect; line C-C, minimum horizontal; line D-D minimum erect: E, 
before race; F, immediately after; G, ten days, and H, six months subsequent to 
race, 
carried to a more severe degree or because of a preceding state of the 
heart, we find still higher blood-pressures associated with heart murmurs. 

As a result of the race the maximum, minimum and pulse-pressures 
in all cases are lowered, reaching a point below the normal! average: and 
in the “heart” cases a greater fall is suffered than in the others. 

Ten days subsequent to the race we find the blood pressure about the 
same as before the race, or, rather, it is nearer the normal line. Six 
months after the race we find the blood-pressure lower than it was at th 
previous examination ; i. e., stil] nearer to the normal. 


EFFECT OF CHANGE OF POSTURE ON BLOOD-PRESSURI 


The observations were made first in the horizontal and then in the 
erect posture. The surrounding conditions were as follows: Being in 
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June, the external temperature was warm. The contestants were stripped ; 
they had been weighed, measured, hearts auscultated, all of which allowed 
them about ten minutes in the room previous to the blood-pressure exami- 
nation. They then walked over to the table and lay down, after which 
the armlet was applied. Within three to five minutes the reading was 


40 
30 
20 


50 


Fig. 6.—Blood-pressures, case of M-e; maximum and minimum, horizontal 
and erect, and times of examination indicated as before. Mitral systolic murmur 





heard at each examination. 


made. Without removing the cuff they were directed to get up and stand 
beside the table, not being allowed to lean against it, while the second 
reading was made. After the race they were laid on the table imme- 


SSsiessse 





Fig. 7.—Blood-pressures, case of H-s; maximum and minimum, horizontal and 


erect, and times of examination, indicated as before. 


diately on entering the medical tent (on arun). While I was making the 
blood-pressure observation another man counted the pulse. When this 
was done, the contestant was directed to get up, in many instances having 
to be assisted; to stand as erect as possible without leaning against the 
table while the second reading was being made. The technic of the sub- 
sequent examinations was the same as that of the first. This change from 
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the horizontal to the erect posture caused alterations in the blood-pres- 


sure which may be seen in the last columns of Tables 5, 14 and 19. 


io) 


These effects are summarized in Table 22. 
60 


40 


« 
e 
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Fig. 8.—Blood pressures, case of O-n; maximum and minimum, horizontal and 
erect, indicated as before. Pulmonary systolic murmur heard before, after, and 
at the third examination, but at the time of the fourth examination it had dis 
appeared. 

TABLE 22.—EFFECT OF CHANGE OF POSTURE ON BLOOD-PRESSURE 

RACH 


Diminished Unchanged. 
No. Cases No. Cases 


Pulse 6 
Maximum 
Minimum 
Pulse-Pressur« 
IMEDIATELY 
Pulse — 1% 
Maximum ‘ ‘ a) 
Minimum 


Pulse-Pressure 


Pulse 
Maximum 
Minimum 


Pulse-Pressure 


CONCLUSIONS IN REGARD TO EFFECT FROM CHANGES OF POSTURE 


Before Race-—From these observations we may then say that in indi- 


viduals with sound hearts having a definite degree of hypertrophy, as a 
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result of change in posture, from the horizontal to the erect, there is a 
rise in pulse-rate, the maximum pressure may be increased or diminished, 
the minimum pressure may be diminished or equal, and with this ther 
will be a diminution of pulse-pressure. This occurs in more than half of 


the ¢« ases. 





Fig. 9.—Fluoroscopic studies made by Drs. John W. Boyce and George W. 
Grie Solid line indicates examination before, dotted line, immediately after, 
and line composed of dashes, examination a week after the race. A, small heart; 
contestant dropped out at one mile; B, heart right size: contestant finished No 
11: C, large heart, left dilatation: D, average case 


Immediately After Race.—Following severe muscular exertion, in the 
greater number of cases, the change from the horizontal to the erect pos- 
ture causes an increase in pulse-rate, a falling of maximum and minimum 
pressure, and with this a lowering of pulse-pressure. 
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Ten Days and Si Vonths Subs: yuent » F} Ra I'he anges 


were the same as before the race 


Effect of Change of Posture in Heart Cases.—So far as could 


these cases did not show a more triking niform1t\ I ction t 
change of posture than the other cases. 

Relations of Maximu Vinimur wind Pulse-Press slo k Oi 

In most of these records it w e seen that t eight of the minin 
pressure was 1n proportion to the maxin ! ib it the p se-pres 
was greatest in those cases showing the highes iximum pressures 

RELATION OF X-RAY FINDINGS TO BLOOD-PRESSUI 
This work was carried out by Dr. John W. Bovee and Dr. Ge 


1 


Grier with their assistants at the West Penn Hospital. They class 
the cases examined before the race as (a) small] 
“right size” and (c) large hearts 
small as compared to normal hearts; they were, in fact, 
mal, but they were the small hearts of this series. The average max 
mum blood-pressure of the small heart cases was 124 mm., whil 
average of the hearts of the “right size” and large 


1 “small hearts,” none finished the race. Of 17 


Of six cases that ha 


had hearts of the “right size.” seven finished. This means that wit 


compensatory hypertrophy there comes increased endurance. Afte1 
race, within three-quarters of an hour in most instances, tracings of h 
shadows were again mad Che degree of dilatation varied. 


The average fal! in the cases of maximum pressure as a result of 


heart series was 138 m 


les of dilatation, was 31 mm.., 


race in those cases presenting a large degree 
; ' 
, is ~ > \ 


while the average fall of maximum pressures in those outlined ; 


little change in the heart shadow was 12 mm. 


RENAL SYSTEM 


Before Race-—The urine was examined in 24 cases. One showed 


7 


less than 0.1 per cent. of albumin, which was not of renal origin. The 
were no casts in any. On standing over night, crvstals of caleiu 


late were deposited in five specimens 


Immediately After Race—Amount: We succeeded in getting 19 speci- 


mens, and in those the total quantity excreted during the time o 


race, which lasted between three hours and fourteen minutes to 


hours. The largest amount was 220 c.c. and the smallest was 35 
Color: This varied from normal to dark smoky ambe1 ns 


it was bloody. 
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Reaction: This was alkaline in those containing considerable blood, 
and in the others it was acid. 

Specific Gravity: This varied from 1012 to 1035. There was no ratio 
between the amount and the specific gravity. 

Total Solids: These varied from 2.2 gm. to 13.51 gm. The presence 
of blood makes the estimation valueless. Even on eliminating the cases in 
which there was considerable blood in the urine. I could find no ratio 
between the solids and the loss of body weight during the race, nor to the 
total amount of urine. 

Albumin: Every specimen showed albumin from mere trace to a 
heavy cloud. 

Sugar: A positive reaction was not obtained in any case. 

Acetone Bodies: Diacetic Acid: With ferrie chlorid a typical reac- 
n 10, and in 


tion was obtained in 3 cases; it was distinctly present 
large amounts in 4+ cases. It was absent in the case in which there was 
the largest amount of urine passed and present in small amount in the 
next largest specimen. Acetone: The acetone reaction was less marked, 
but present. Beta-oxybutyric acid was tested and found in one of the 
specimens. The nature of the diacetic and acetone reactions was verified 


by H. L. Amos of the West Penn Hospital, to whom I am indebted for 


the examination of a number of specimens. 

Microscopic Examination: Every one of the 19 cases showed casts; 
five of them showed “showers of casts.” All but the largest specimen 
showed red blood cells: three showed large amounts of blood. In one 
specimen I found fat globules. 

At Subsequent Periods.—Out of the 19 specimens examined at the 
end of a week, 4 showed light clouds of albumin and as many had casts. 
Two showed casts without albumin. 

Three weeks aiter the race, 3 that did not show albumin before the race 


still showed traces of albumin and casts. 


rABLE 23 URINARY FINDINGS BEFORE THE RKACE, IMMEDIATELY AFTER 
AND AT SUBSEQUENT PERIODS 


No. of Cases Albumin Blood Casts Acet. Bodies. 
Before 24 1 0 0 0 
Immediately after 19 19 18 19 18 
One week subsequent 19 4 0 6 0 
) “ 


Three weeks subsequent 
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104 BLOOD PRESSURES IN) MARATHON RUNNERS 
this is evidenced by the amount of blood, degree of albuminuria and 
evlindruria. 

As to diacetic acid, all considered, it seems that it was found in 
larger amounts in the urine from those who ran most successfully—i. e., 


those who ran hardest in the shortest time. Undoubtedly, many other 
factors play a part in this. The amount of acetone seemed small in pro- 
portion to the diacetic acid; one way to account for this is perhaps that 


t was largely eliminated by the respiratory effort 


CONCLUSIONS 


In the conclusion of this study, it may be said that the most m: 


rhea 


changes which occur in the contestants who train for and compete in 
this race are as follows: 

Before the Race.—The average individual who has trained for this 
race will, about the time he is in good training condition, have a pulse 
that is moderately slower than normal, with a normal diurnal variation. 
His blood-pressure is higher than that of the average individual. and 
with this he has developed a compensatory hypertrophy. If in his case 
t is found that he has a greater than normal diurnal pulse variation, 
that will be associated with a higher than average blood-pressure. 

Or we may say that from these observations we are led to believe that 
the individual who has this more than average compensatory hypertrophy 
and higher blood-pressure, will have a greater number of heart-beats in 
the twenty-four hours. The average heart shadow as seen with the z-ray 
is larger than normal in nearly all cases, and some will show compara- 
tively very large hearts. The subjects showing the larger hearts are the 
mes that have the higher blood-pressures. 

In the contestant who as a result of hard training, or because of some 
unknown preceding state of his heart, has developed a heart murmur, 
there will be found the very large heart and higher blood-pressure. Body 
overweight, laborious occupation, short and severe training are productive 
of higher than average blood-pressures and associated hypertrophy. 

After the Race.—As a result of this inordinate exertion, if he is of the 
average class, he will have a fall of about 20 per cent. in his blood- 
pressure ; if he is of the “heart-murmur cases,” he will have a still greater 
fall in his blood-pressure. If his heart shadow with the z-ray shows a 
marked increase in size (much dilatation), his blood-pressure will have a 
greater fall than if his heart shadow remains about the same size (slight 
dilatation). 


At the end of six months the blood-pressure is still nearer the normal 


} 


level than at the previous examination. 
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Most of these contestants had been running during the preceding six 


or nine months, and it is natural to expect a gradual disappearance o 
the established hypertrophy, as our findings bear out. 


The change of posture from the horizontal to the erect is followed b 

certain accommodative changes in the blood-pressures, these depending 
3 largely on the reserve energy of the circulatory system, and the prompt- 
; ness with which it reacts to the force of gravity. 

The effect of this severe bodily exertion on the kidneys is definite 
proportionate to the degree of general circulatory disturbance, of whi 
the renal circulation is part 

In these studies we have had the rare opportunity of observing the 

: transition stage from health to disease. Beginning as physiologic chang: 


many of these cases have transgressed the dividing zone entering into that 
of the pathological. The exciting factors once removed, a recession into 


the norma! followed, in some cases reaching the physiological! qu 





others slow] , while some, 1t may be, will never return to normal. 





In closing, I wish to say that for the opportunity of studying these cases, and 
for innumerable suggestions that made this work possible, I am deeply indebted 
to Dr. Watson L. Savage, Physical Director of the Pittsburg Athletic Association 
and Carnegie Technical Schools: and then to express my sincerest thanks to the 
men whose names are here appended, for their careful, valuable and enthusiastic 
assistance. Without their 
sible. 


aid such an undertaking as this would have been impos 


Dr. E. S. Dickey 
Dr. O. B. McAroy 
Dr. C. ORBIN. 
Dr. C. L. PALMER 
Dr. FRANK D. STOLZENRBAC! 
Dr. H. G. WerRTHEIMER 
Dr 1. W VW OopBURN 
$502 Fifth Avenue 
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PROTEIN METABOLISM IN PNEUMONIA * 


CHARLES G. L. WOLF, M.D. 
AND 
ALEXANDER LAMBERT, M.D. 
NEW YORK 


It might be assumed in a disease of such common occurrence and 
such fundamental importance in medicine as pneumonia that a very com- 
plete account of the protein metabolism would be available, especially in 
view of the fact that the conditions of the disease are such as to put at 
the disposal of the observer a sudden change in the condition of the 
patient from a condition of high temperature, great dyspnea and rapid 
heart action, to a normal state, which scarcely has a parallel among other 
diseases. Incident to this, one has also a rapid change in the anatomical 
condition of a vital organ, the lung, in which, as Miiller, and his pupil, 





Simon,’ showed, large quantities of soluble and partially digested protein 
products are thrown into the circulation and are catabolized. 


OBSERVATIONS OF EARLY INVESTIGATORS 

In examining the literature bearing on the metabolism of the disease, 
one is struck with the relatively small amount of accurate information. 
In some instances determinations of the daily output of nitrogen have 
been made, many without reference to the nitrogen of the food. In most 
other instances investigators have contented themselves with an exami- 
nation of a single component of the urine, such as uric acid, chlorids, 
xanthin bases, etc. As a matter of fact, the work which was done forty 
vears ago by Huppert and Riesell* is more instructive and gives a clearer 
picture of the effect of the infective process on the elimination of nitro- 
gen than any of the late investigations. Even before their time also there 
were observations which showed the excessive amount of nitrogen elimi- 
nated. 

TOTAL NITROGEN 


Parkes, in his excellent book on “The Composition of the Urine” 
(London, 1860), gives the amount of urea found by a number of observ- 


ers, and adds the report of a case examined by himself in which 85.38 gm. 
* From the Department of Chemistry, Cornell University Medical College, and 
the Fourth Medical Division, Bellevue Hospital 
1. Deutseh. Arch. f. klin. Med... 1901, Ixx, 604 


2. Huppert and Riesell: Arch. d. Heilkunde, vii, 10; 1869, x, 329. 
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of urea were eliminated in a single day. This amount of urea would be 


equivalent to 40.7 gm. of nitrogen. As Parkes states that the patient 


was in a condition of fasting, this amount of nitrogen would be equal to 
1,200 gm. of muscle or other tissue of a similar composition furnished by 
the body to carry on the metabolism during the period of hyperpyrexia 
That the infective process was greatly concerned in this elimination of 
nitrogen will readily be seen when it is noted that 40 gm. of nitrogen is 
probably three times as much as a fasting subject would excrete under 
normal conditions of health. 

Huppert and Riesell’s observations were carried on with the elder Voit’s 
investigations in mind. Not only was the nitrogen of the urine estimated, 


but also the nitrogen contained in the food, the sputum and the feces. In 


this way an accurate balance could be struck. The amount of 


the food during the period of hyperpyrexia and the resorption of the exu- 


date was inconsiderable. The minus balance from day to day varied from 


15 to 25 om., the highest negative value being found on the day of begin- 


1 


\ing resorption. The following days, in which the patient took 4 gm. of 


nitrogen, there was still a marked daily deficit. It was only on the sixth 
day after resorption had begun that the loss in nitrogen suddenly 
decreased, coincidently, however, with the administration of food con- 
taining 16.7 gm. of nitrogen. A retention of nitrogen was arrived at on 
the twelfth day with 25 gm. of nitrogen intake. Huppert and Riesell 
conclude that in conditions such as pneumonia the patient burns thi 
cellular protein in contradistinction to the nutritive protein, which the 
healthy individual uses for catabolism. In this they approach very closely 
the idea of toxic destruction of protein so much debated by late writers. 
In recent years the work of Moraczewski* on the metabolism in pneu- 
monia appears to be more complete than that of any other observer. His 
studies of the protein metabolism in fever were directed to show that the 
tissues imbibed water during the course of hyperpyrexia and that this 
imbibition of water determined the increased protein decomposition. He 
attempted to ascertain if by “salting out” the blood it might be possible to 
inhibit increased destruction of protein. Moraczewski was one of th 
first to make an attempt to iractionate the components of the nitrogen 


elimination. Unfortunately, a close examination of the analvtical results 


which this investigator furnishes does not lead one to place great weight 
on his work. His theoretical conclusions and his methods experimenta- 
tion (the administration of silver nitrate to reduce chlorid content of th 

3. Moraeczewski: Ztschr. f lin. Med., 1900, xxix, 44; Viz w's Ar f 


path. Anat., clv, 1] 
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slood) have been subject to what appears to be just criticism by Magnus- 
Levy. 

Von Jaksch* has also made a comparative study of pneumonia and 
typhoid fever. He finds a notable difference in the manner in which the 
nitrogen compounds of the urine are eliminated in the two diseases. 

According to this observer, pneumonia is classed with those diseases 
in which the nitrogen partition is normal, none of the nitrogen which is 
normally excreted as urea being used for the formation of other com- 
pounds. On the other hand, the catabolism in typhoid fever, according to 
von Jaksch, takes a distinctly abnormal course and instead of urea being 
eliminated in its normal ratio to total nitrogen the substance is replaced 
by other compounds—leucin, tyrosin and unknown substances. Unfor- 
tunately here also the methods employed for the analyses have been open 
to criticism, and von Jaksch has subsequently been forced to retract many 
of the statements which he previously made regarding the metabolism in 
these conditions. To what extent von Jaksch’s statements regarding 
typhoid are corroborated may be seen from the work which has been done 


by Ewing and one of us® in a recent paper. 


TOTAL SULPHUR 


The total sulphur is taken up at this place before the distribution of 


the nitrogen is discussed, for the reason that the total sulphur in con- 
junction with the total nitrogen might give data regarding the type of 
protein metabolized at different stages of the disease. 

As sulphur occurs in al] protein with few exceptions, and as the sul- 
phur content varies between 0.3 and 2.2 per cent., and the nitrogen con- 
tent of protein varies between 15 and 17 per cent., there is a margin in 
the relation of sulphur to 100 parts of nitrogen of 1.7 to 14.6 per cent. 

The relation of sulphur to nitrogen in normal urine is, however, a 
comparatively fixed value, being in the neighborhood of 7 per cent. With 
the ingestion of protein of varying sulphur content the organism appar- 
ently adapts the catabolism of the two compounds in such a way that the 
two are excreted in a fairly fixed ratio. It might be permissible to assume 
however, in pathological conditions, especially those associated with the 
breaking down of large quantities of body protein, that the ratio of nitro- 
gen to sulphur in the urine might be disturbed, and so one might obtain 
information regarding the catabolism of some special type of protein. 


4. Von Jaksch: Ztschr. f. klin. Med., 1902, xlvii, 1; 1903, L, 167. 

5. Ewing, J., and Wolf, C. G. L.: The Clinical Significance of the Urinary 
Nitrogen. III. Nitrogenous Metabolism in Typhoid Fever: THe Arcuivts INvr. 
Mep., 1909, iv, 331. 
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In experiments which one of us has made, it would appear that those 


compounds containing a relatively high amount of sulphur are of more 
importance to the organism than those containing less. Consequently, 
one might expect that during a time of toxemia when the factors of con- 
trol were removed a high ratio of sulphur to nitrogen would obtain, while 
in the stage of convalescence this would be compensated for by a low 


sulphur-nitrogen ratio. ‘To what extent this is the case will be seen 


throughout the discussion of the tables. 
In some conditions of experimental toxemia. notably 


chloroform poisoning, the ratio certainly increases (Howland and Riel 


ards my 
rTHE NITROGEN PARTITION 


Ammonia 


With regard to one constituent of the urine accurate information is 
very much to be desired. This is ammonia. In view of the important 
in modern 


role which this product of intermediary metabolism plays 
theories of acidosis and protein breakdown, it is remarkable that no par- 
ticular attention has been paid to it in connection with a disease in whic! 
the excessive destruction of protein is so well recognized. 


Hallervorden,’ in an examination of the ammonia output in patho 


logical conditions, interpolates the reports of two cases of pneumonia, in 
one of which, however, the ammonia excretion was examined for two days 


only. In this ease the ammonia excretion was lower on the day of higher 


fever. In the second case (Fiss) the ammonia rose during the first part 
of the lysis. and thereafter followed fairly closely the trend of the tem- 
Hallervorden believes that the increased elimination 


pe rature curve. 
potassium 


served in fever is associated with a retention of fixed bases 
mia is used by the organism in an attempt 


and sodium—and that the amnu 
to protect itself from the loss of these substances. 
time at which Hallervorden performed his experiments, the 
method was used for the estimation of ammonia. 
had great difficultv in assuring himself of 


In accordance with th 


Schlosing 


From the accounts he 


gives, it is quite clear that he 
the accuracy of the method. In the course of the present investigations 
have had to discard repeatedly specimens of urine on account of com- 


We 


mencing dec omposition, so that In the work Ol Hallervords n. and, indee 


through all the work in w ch the Schlésing method has been used, it 
quite possible that variations are due to decomposition occurring durit 
t estimation. 
6. Howland and Richards ‘ kx pe Ved bao 244 
1 Pharmakol] S80. x 37 
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Uric Acid 

The intimate relation between the leucocytes and the process of reso- 
lution has drawn attention to the purin compounds. 

With regard to uric acid, Voges* and Friedrichsen,* working in von 
Noorden’s clinic, obtained normal values for uric acid. Dunin and 
Nowacek,® in an attempt to connect Horbaczewski’s theory regarding the 
connection of the leucocytes with the xanthin base excretion, found an 
increase in uric acid after the crisis, and this in rease, they believe, was 
due to the breaking down of nuclein compounds during resolution. The 
increase persisted for two to four days, and was followed by a similar 
period of lessened output. Only on the seventh day after the crisis did 
the uric-acid excretion arrive at what they considered a normal value. 

Simon,’ in his interesting study of the autolysis of pneumonia lungs, 
made under Miiller’s direction, found free alloxurie bases in the auto- 
lysate. One of the most recent investigations in this field is that of 
Carlyle Pope,*? who has compared the leucocytosis occurring in various 
conditions with the elimination of uric acid and xanthin compounds. 
One case of typhoid and five of pneumonia were studied. In the hypoleu- 
cocytosis of typhoid he finds average amounts of uric acid and somewhat 
greater amounts of xanthin bases. In all cases of pneumonia there was, 
at certain times, an increase in the xanthin base elimination. There was 
not a true parallel between the hyperleucocytosis and the increased elimi- 
nation of xanthin compounds. The increase took place after the disap- 
pearance of the hyperleucocytosis and simultaneously with the resolution 
of the pneumonic exudate. 


Creatinin 


Our information regarding the influence of pathological conditions on 
the output of creatinin is very scanty. Since the advent of the Folin 
method, most investigators have very properly confined themselves to the 
effect of physiological changes on the excretion of the substance. A few, 
Shaffer,** Leathes,’* and Spriggs,’* have investigated some of the more 
important diseases, more especially those connected with disturbances of 
muscle function. 





8. In von Noorden’s Handbuch der Pathologie des Stoffwechsels, 1893, p. 278. 


0. Nowacek: Gaz. Lek., 1896, pp 476-517. Cited in Maly Jahresberichte, 
1896, xxvi, 769. 

10. Pope, C.: Zentralbl. f. inn. Med., 1899, xx, 657. 

11. Shaffer: Am. Jour. Physiol., 1908, xxii, 445. 


12. Leathes: Jour. Physiol., 1907, xxxv, 205. 
13. Spriggs: Biochem. Jour., 1907, ii, 206. 
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In high temperatures, Leathes found that the hyperpyrexia produced 


in a normal subject yy the use Ol an antityphoid vaccine caused a rise in 


the excretion of creatinin. In cases associated with loss of muscular tonus 
the excretion of creatinin is low relatively to the body weight. In Shaf- 
fer’s results there is a record of a convalescing typhoid patient in whom 
the creatinin output was distinctly low. This will be found to agree 
with the condition in convalescence from pneumonia. After a period of 
excessive creatinin excretion the values suddenly fell to what 1 st be 
considered decidedly subnormal. Case 20 Shaffer’s series shows tha 
the creatinin coéfficient is very high (10) on the twelfth da dis 
ease, and falls on the forty-third day to 7.7 \ more striking n cor 
valescence is pr sented by Case 12. 
Our own results confirm these findings, except that the transit 


much more abrupt (see Case 12, H. C.). 


The information regarding creatin is much less complete 
creatinin. We know but few facts which shed light on its pathological 


significance. Of these the first is its absence from normal urines of sub 


jects on creatin-free diets, and, second, its appearance in the urine of ani- 


mals exposed to starvation or under-nutrition. It is also found in acu 


fevers (Ewing and Wolf), in exophthalmic goiter (Shaffer) and in 
women during post-partum resolution of the uterus (Shaffer). 


The significance of these findings is obscure, but one may sale Sa 


that at the present time its appearance in the urine denotes « 


dition of partial starvation or a pathological state. 


Rest N itrogen 


! 


The question of rest nitrogen is perhaps more complex than any of the 


previous components, by reason oi the number of substances which enter 


into its composition. In the rest nitrogen in pneumonia are included two 


classes of compounds which have been closely associated with the disease. 


One of these is the xanthin bases: which could not be determined sepa- 
| to be decided] 


rately except in a few cases, and whose amount is supposed 
increased in fevers (Mandel and Lusk).** 


The other group ol compounds consists of the albumoses, « 


as tney 


are more frequently called in this connection, the peptones. Maixner’® 
Maix 


gm. of these substances in the twenty-four- 


found them in pneumonia, mostly during the stage of resolution. 


1 


ner says that he has seen 4 
14. Mandel and Lusk: Am. Jour. Physiol., 1906, xvi, 129 
15. Maixner: Ztschr. f. klin. Med., 1886, xi, 342 
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hour amount of urine. In some of our cases the extreme amounts of 
undetermined nitrogen led us to examine for albumoses by the method of 
Devoto. 
The composition of the undetermined nitrogen has been discussed by 
| one of us with Ewing’* in some detail in papers on the clinical significance 
of the urinary nitrogen, and it is unnecessary to repeat the points of the 
discussion here, except to point out that in normal subjects the amount 
of rest nitrogen does not increase in direct proportion to the total nitro- 
gen, so that when one finds an increase one is led to suspect a faulty con- 
dition of metabolism, in that the steps leading to the ultimate formation 
of urea are not properly followed. This aberrance has been called defec- 
tive desamidation. It will be noted that von Jaksch had this idea in 
mind when he differentiated typhoid fever from pneumonia, regarding 
the former as a disease in which defective splitting off of ammonia from 
the protein group plaved an especial part. In pneumonia this did not 
oecur. 
As will be seen, however, amounts of rest nitrogen are obtained in 
pneumonia which are unequalled in typhoid fever, so that the statement 
of von Jaksch does not altogether hold. It is true, however, that higher 


ee IO tt EN mS ER rR 





relative values for rest nitrogen are found in typhoid than in pneumo- 


nia, but only in daily excretions of nitrogen which are low when com- 
pared with pneumonia. 

i The Sulphur Partition 

The reason for an almost complete lack of accurate data regarding 
) sulphur excretions in pathological conditions arises from the difficulty of 
, | the analyses for the clinical investigator. While it is unlikely that the 
i | examination of the sulphur partition will give information regarding the 
. oxidative capacity of the organisms as a whole, a study of the sulphates, 


alkaline and ethereal, will throw light on the processes, putrefactive or 
otherwise, leading to the formation of ethereal sulphates and at the same 


i ee ae - 





| time give us some knowledge of the obscure class of compounds making 
: 
up the neutral sulphur. 

As the neutral sulphur compounds must of necessity be included in 
the rest nitrogen, some conclusions may be drawn regarding the latter as 
to its content in sulphur-containing substances. 

Nitrogen Loss 

Before one can take up the investigation of the individual compo- 
nents of the urine in a disease like pneumonia it is necessary to inquire 
$ 

16. Ewing and Wolf: The Clinical Significance of the Urinary Nitrogen. Am. 
| Jour. Med. Se., 1906, exxxi, 751 
{ 
' 
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what the effect of the individual factors entering into the condition is on 
the nitrogen metabolism as a whole. 

The most obvious of these are high temperature, dyspnea, and infec- 
tion, and, as a special factor in pneumonia, the resolution of the pneu- 
monic exudate. 

With regard to high temperature, most of the estimations of the 
nitrogen excretion in connection with hyperthermia have been made on 
cases under the influence of infection, and from these it is difficult to 
ascertain whether the increase is due to the rise in temperature by itself, 
or whether the so-called toxic destruction of protein is to be held account- 
able. Reasoning from purely chemical grounds, it would appear improb- 
able that with a rise in temperature increased nitrogenous decomposition 
should not take place. We know that the velocity of chemical reactions 
increases with increments of temperature, and it would be necessary, if 
the opposite should be found to be the case in pathological conditions, to 
assume a physiological inhibitory factor interposed, of which, at the 
present time, there is no evidence. The one experiment in man bearing 
on the relation of temperature to nitrogen output is that of Linser and 
Schmid,’* who experimented with a patient suffering from ichthyosis 
hystrix. They showed that, on raising the body temperature to 39 C. 
(102.1-102.8 F.), which they were able to do by enclosing the patient in 
a room artificially heated, no increase in nitrogen output took place. If, 
however, the temperature of the room were further raised so that the 
body temperature reached 40 (104 F.) a decided increase in protein 
metabolism did take place. From this they inferred, and probably rightly, 
that they had demonstrated the effect of temperature alone in increasing 
the nitrogen metabolism. An examination of the increase which Linser 
and Schmid obtained shows that it is incomparably lower than what is 
obtained in infectious fevers. 

In animals Voit'® has shown that if the surrounding temperature of 
fasting animals be raised the nitrogen output is increased. On the other 
hand, if the animals be protected by the sufficient administration of car 
bohydrates and fat no comparable increase in the nitrogen metabolism 
takes place. It is probable that calorimetric investigation of these ani- 
mals in superheated calorimetric chambers would disclose an increased 
metabolism, falling in this instance, however, on the carbohydrate and 
fat rather than on the protein, as in the starving animals. As the 
patients whom we examined were in most cases protected by an amount 


17. Linser and Schmid: Arch. f. klin. Med., 1904, Ixxix, 514 
18. Voit: Sitzungsber. d. Gesellsch. f. Morphol. u. Physiol. Miinchen No. 2, 
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of food sufficient to give almost nitrogen equilibrium in a normal person, 
the excess output may be set down to factors other than simple hyper- 
thermia alone. 

The next factor in the increased nitrogen elimination in these cases 
is the dyspnea. In this field the investigations of Voit take the first 
place. In most instances Voit’s experiments were carried out on animals 
in which dyspnea was produced by the mechanical occlusion of the 
trachea. The results were uniform in showing an increased elimination 
of nitrogen through the urine as a consequence of hindrance to the gase- 
ous exchange. Voit, however, believes that the increased nitrogen excre- 
tion is not primarily due to lack of oxygen, but has its origin in the 
increased muscular effort of the animal. 

Von Noorden’® reports a case of syphilitic stenosis of the larynx. 
The amount of nitrogen excreted during the period of fasting was quite 
within the normal limits. 

There remains to be considered the effect of infection on the excretion 
of nitrogen, and in this field much work has been done both on man and 
on animals. 

It is practically impossible to separate the factors of infections from 
fever, and therefore the investigators who have worked on the effects of 
infection have always considered them together. While it is impossible to 
produce in animals a fever of the long-continued type seen in man, the 
experiments which have been made in animals are instructive in showing 
to what extent the protein metabolism may be raised by the combined 
processes of fever and infection. 

May” was able to increase the nitrogen elimination in fasting rabbits 
51.9 per cent. above the normal by infecting these animals with hog- 
cholera. Stahelin*? infected dogs with surra and produced a very marked 
negative nitrogen balance. In dogs in nitrogenous equilibrium, on about 
5.5 gm. of nitrogen, the deficit was 2.5 gm. in a single day, all of which 
was excreted in the urine. This, it will be seen, is very close to May’s 
50 per cent. increase in rabbits after hog-cholera infection. The knowl- 
edge of the effect of fever and infection in man on the excretion of nitro- 
gen is not complete, for it is impossible to determine accurately the state 
of nutrition of the individual before the infection process began, and one 
is forced to use as a standard for comparison either results obtained in 
normal individuals or the metabolism of the same patient during the 

19. Von Noorden: Handbuch der Pathologie des Stoffwechsels, i. 


20. May: Ztschr. f. Biol., 1894, xxx, 1. 
21. Stiihelin: Arch. f. Hyg., 1904, L, 77. 
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period of convalescence. That these are not altogether trustwort was 
recognized by Huppert many years ago. 

A few experiments have been recorded by Leathes n the nitrogen 
excretion in aseptic fevers produced by the injection of typhoid vaccin 
The fever was neither continuous or excessive; nevertheless a distinct ris 
in the nitrogen metabolism was observed. Leathes’ experiments have 
been confirmed by Kraus. As Kraus remarks,** it is necessary to be 
extremely careful in any estimate of the nitrogen output in these cases, 
especially when they are connected with fasting, for the excretions on the 
third day of a normal fasting subject may vary from 8 to 15 gm. 

The problem therefore in the following discussion of the total nitro- 
gen excretion in pneumonia is to ascertain whether the nitrogen elimi- 
nated is to be accounted for by the dyspnea and the high temperature, o1 
whether the amount excreted in the twenty-four hours exceeds what may 
be set down to the two non-infective factors. 

If one adds to the high starvation value, viz., 15 gm., that which has 
been set down to rise in temperature, one still finds in these cases a very 


considerable amount of nitrogen which must be set down to the infection 


process alone. It will be observed that in practically all these cases (the 
exceptions are noted at the proper place) the patients were receiving 
amounts of nitrogen and units of heat almost sufficient to keep a normal 


individual in a condition of nitrogen equilibrium. 


EXPERIMENTAI 

The analytical methods employed in this work were those which have 
been emploved by one of us through a series of investigations in normal 
and pathological metabolism. They were: total 


ammonia. Folin; urea, Folin: uric acid, Folin-Shaffer: creatinin and 


nitrogen, Kjeldahl; 


creatin, Folin; total sulphur, Folin; total and alkaline sulphates, Folin; 
chlorids, Volhard ; phosphoric acid, uranium acetate. 

The urines were preserved with chloroform-thymol-toluol, and wer 
analyzed for ammonia and creatinin as soon as possible after collection 
In some instances decomposition had apparently set in during the time 
they were collected. When this is suspected, it is noted in the tables 

In dividing the cases examined, we have decided to separate arbi- 
trarily the fatal cases from those which terminated in recovery. In some 
respects a ¢ lassification of this sort may appear unsatisfactory, but it has 


the advantage that one is able to correlate the results obtains a 


22. In Von Noorden’s Handbuch der Pathologie des Stoffwechsels, 1906 594 
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recovery, and from an examination of his metabolism to attempt to make 
this a part of the basis for clinical prognosis. 

In al!, 19 cases of pneumonia were examined during longer or shorter 
periods. Only 14 are reported on; the others do not throw any further 
light on the condition. 

Our original intention was to study the effect of diets containing little 
or no protein, but a fairly large supply of heat in the form of carbo- 
hvdrate and fat, and to compare this diet with one containing an amount 
of protein representing about 16 gm. of nitrogen. Our reason for doing 
this was based on a consideration of Benedict and Suranyi’s** results, in 
which it was asserted that it was useless to administer large quantities of 
protein during the nitrogen loss in fever, as the increase in catabolism 
took place part passu with the nitrogen intake. 

‘Two cases are reported on this non-nitrogenous diet, but it was aban- 
dened on account of the difficulty in inducing the patients to take it. 
Finally a standard diet was designed with a fair amount of protein, but 
which was unfortunately not very high in heat units. 


It was as follows: 


Amount Nitrogen Fat Carbohydrate Calories 

Milk 1080 5.6 $3.0 54.0 765 
Crackers 40 0.7 3.6 29.2 158 
Boiled rice 120 0.3 0.1 29.0 135 
loast Oo 1.1 0.6 36.0 156 
Cream 60 13.5 2.4 145 
Sugar tT) 90.0 360 
rotal 7.7 69.8 240.6 1719 


It would have been advantageous to have increased the nitrogen about 
5 gm. and to have given a great deal more carbohydrate and fat. At the 
time the work was done by Shaffer had not obtained his very important 
results on diet in fever, and therefore we are obliged to present these 
cases with, in some instances, a nitrogen loss which we feel could have 
een partly avoided with a proper diet. 

In some instances eggs were given during convalescence in accordance 
with the theories of Suranyi and Benedict.** This is stated in the notes 
to the tables. 

In taking up the individual cases, we shall discuss the findings in the 
first case in considerable detail, with the intention of using this case as a 
standard for future comparison. The others will to some extent be 
referred to the first one in pointing out the differences which occur. In 


this way a repetition of the findings will be avoided. 


23. Benedict and Suranyi: Ztschr. f. klin. Med., 1903, xlviii, 290 
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MILD CASES 


CASE 1.—The patient, Z., male, aged 34, alcoholic, had a small area 


of pneu 
monia in right upper lobe. He was admitted on the eighth day of the disease 
with mild attack; general condition excellent. He was slightly irrational on th 
night of admission. On the 19th his general condition still excellent, though he 
began to be delirious Defervescence began and was completed on morning of 
20th. During the 20th, 21st and 22d the patient had an abortive attack of 
delirium tremens, but his general condition and his pulmonary lesion improved 
steadily. On the 23d he was comfortable and rational, and from then on to t 
29th there was uninterrupted convalescenc: 


The patient received the higher nitrogen diet, containing 12.1 gm. of 
nitrogen and 1,971 calories. The urine was first examined on the day of 
the crisis—the seventh day of the disease. On the eighth dav the tem 
perature fell to normal. The highest temperature recorded was 104.4, 
on the day before the examination commenced. The leucocyte count on 
the seventh day was 14,000. 

Total Nitroge n. On the seventh day the total nitrogen excreted was 
25.5 gm., and on the eleventh day of the disease, on which a slight post- 
critical rise occurred, the total nitrogen excretion rose to 30 gn On 
the following two days the excretion was each day half that of the da 
preceding, giving for the last day of the examination 7.1 gm. It is to b 
noted that with the very high excretion of the eleventh day the patient 
was physically comfortable, and was well into an uneventful convales- 
cence, 

Amid Nitrogen.—The percentage of total nitrogen excreted as urea 
and ammonia is low on the first day of the examination, but rises with 
defervescence. The highest ratio is obtained during the days of marked 
fall in temperature. This case would illustrate admirably von Jaksch’s 
statement that pneumonia is a disease in which the catabolism of nitro- 
gen proceeds in the same way as in the normal subject. The ratios o 
urea and nitrogen are almost as high as one observes in normal subjects 
That this, however, is not so with the more toxic cases will be shown 
later. 

Ammonia Nitrogen.—A careful examination, not only of this cas 
but of those which follow, leads one to believe that a comparative acido 
sis occurs. Taking normal individuals with an excretion of 15 gm. of 
nitrogen, the average amount of ammonia nitrogen excreted is about j 
gm., and the ratio of ammonia nitrogen to total nitrogen is 3.3 per cent 


As will be seen, the amount of ammonia excreted during periods of 


pyrexia in pneumonia is distinctly higher than this, over 1 gm. of ammo 


nia nitrogen being excreted. The ratio is also hig 6.7-4.7 per cent. of 
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total nitrogen. Both absolutely and relatively the ammonia nitrogen 
decreases during convalescence. 
! Urea Nitrogen.—Compared with what one observes in typhoid fever, 
the ratio of urea nitrogen to total nitrogen is high. Compared with nor- 
| mal subjects, it is low. The difference in favor of normal urines is small, 
averaging perhaps 3 to 4 per cent. 
Creatinin.—Owing to the large amount of attention which has lately 
been directed to the output of creatinin in physiological conditions, con- 
| tributions from the pathological side are at present of considerable inter- 
| est. It is searcely worth while at this point to review the literature on 
this subject, except to say it has been found that the daily output of 
creatinin is practically constant with great changes of diet. It is there- 
TABLE 1.—PROTEIN METABO! 
: ; : . = ~ £ & <— 
= - = . be = = = - 
(raat > et z oz & Soe #: 
- 2 3 8 € 75:8s 238313 
: > vA = < = = < - - - - - L ~~ - 
Gm Gm Gm Gm. Gm Gm 
| 7 1005 1021 7 + + + +++4 8.84 72 14.57 85.2 6.7 13.42 785 0.64 3.7 0.00 00 
$ 1225 1021 f¢ , 25.50 .... 23.88 93.7 1.22 4.7 22.66 89.0 0.62 24 0.00 0.0 
9 #1025 1021 t 0 : 20.17 18.09 89.7 1.02 5.1 17.07 846 049 25 0.00 00 
10 No urine received 
f 11 1605 1023 7? + fe tt. -+ 90.18 .. 26.98 89.2 0.96 2 25.97 86.0 O77 25 0.00 00 
12 960 1021 + : ++++ 15.45 .... 1350 874 0.36 23 13.14 85.1 037 25 0.13 08 
13. 1205 1010 # 7) oe + Tae 6.46 91.5 0.25 3.5 6.21 88.0 0.19 2.7 0.00 0.0 
*In this and the following tables, an acid reaction is indicated by a dagger (7), and an alkaline reactior 
t 
fore assumed that the creatinin output represents a type of metabolism 
uninfluenced by the protein intake. It has also been found that in 
patients suffering from certain diseases associated with general loss of 
muscular tone the ratio of the creatinin excreted to the body weight is 
decreased, while, conversely, in those conditions in which it is supposed 
; that the metabolism is proceeding at a higher level than normal the 
creatinin coefficient is increased. In starvation, both in men and in ani- 
mals, it is known that the creatinin output is lower, corresponding with 
4 the attempt of the organism to adapt its metabolism to the lessened food 
i intake. 
T In a condition of very great metabolic activity, such as the hyper- 
1 pyrexia of ammonia, with the loss of 20 or more grams of protein nitro- 
gen on a diet capable of maintaining a normal individual in a state of 
H : 
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nitrogen equilibrium, it might be expected that during this period the 
endogenous metabolism would be increased, perhaps not pari passu with 
the total increase, but at least sufficiently to make its influence felt on the 
creatinin output. One would then have the ratio of creatinin nitrogen to 
total nitrogen decreasing with the rise in total nitrogen output, but the 
absolute amount of creatinin excreted would be increased. In the major- 
ity of cases this happens. During this hyperpyrexia the creatinin out- 
put is high as compared with normal individuals. In some instances the 
highest output is recorded during the stage of resolution. It would appear 
that at this time not ali of the creatinin is derived from endogenous 
metabolic processes. In pneumonia one has an autolytic process occu 


f 


ring in the lung which may apparently give rise to the excretion o 


MILD PNEUMONIA 
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1.19 85.0 7 O.21 15.0 13.2 0.43 0.06 6-80 103.6-101.4 
1.52 85.9 1.48 83.6 0.04 23 O25 14.1 46.3 0.43 0.22 100-72 100.0- 98.4 
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1.94 92.8 1.87 89.5 0.07 3.3 0.15 7.2 7.8 175 0.77 72-60 99.4- 99 
0.77 87.5 0.72 81.8 0.05 5.7 0.11 12.5 v.0 1.01 1.91 66-60 99.8- 98.6 
0.27 75.0 0.24 66.7 0.03 s3 0.09 25.0 26.4 0.38 1.66 76-60 99.0- 98 
inceased amounts of creatinin through the urine. During convalescence 


the creatinin output is markedly decreased. Not only is the amount 
diminished, but a comparison with the normal amount excreted will show 
that it is from one-half to one-third lower than that which is considered 
normal for a person of average weight. Unfortunately, throughout this 
entire series it was impossible to take the weights of these patients, so 
that the creatinin coefficient (the ratio of creatinin to bodv weight) can- 
not be given. It is, however, certain that in comparison with the results 
yielded by normal subjects the creatinin is much higher during hyper- 
pyrexia and falls during convalescence to very low values. 

It can scarcely be doubted that after a period of great prodigality of 
its resources, such as occurs in severe toxic conditions associated wit] 


high temperature, the organism seeks to conserve its remaining store of 
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energy to the limit of its capacity. Under these circumstances, not only 
is the exogenous metabolism used in such a way that tissue repair takes 
place with great rapidity, as is shown by the remarkable increase in 
weight which patients often show during convalescence, but the endogen- 
ous metabolism, with which we assume creatinin to be associated, is 
reduced as far as possible. We should, therefore, expect with the onset 
of convalescence a marked reduction in the creatinin output to occur, a 
deduction which is borne out by the facts. 

Creatin.—Quite as much, if not more, interest from the standpoint 
of pathological metabolism is attached to the presence of creatin in the 
urine. Physiologically, only one condition is known where it appears. 
This is starvation. On the withdrawal of food, and indeed even in mal- 
nutrition, creatin may appear in the urine. This has been shown by 
Benedict and Dieffendorff and by Cathcart in man, and by one of us in 
animals. To what its appearance is due it is impossible to say. It is 
supposed to arise from the breaking down of muscle whose protein is 
being catabolized. On the other hand, one would scarcely expect it to 
appear in conditions in which the body was eager to utilize all the avail- 
able nitrogen-containing compounds possible, for Folin, Klercker and 
Shaffer, with one of us, have shown that creatin given by mouth on a diet 
containing little or no protein is utilized as a foodstuff, and not all the 
nitrogen appears in the urine, but part is stored up in the body. Hence 
its appearance in the urine in starvation and in these pathological condi- 
tions is not connected with starvation alone, for the creatin must be 
formed at a point when the processes which transform ingested creatin 
into tissue nitrogen are unable to attack it. Hence it escapes and is 
excreted in the urine. That it is connected with certain unknown patho- 
logical processes seems certain. One finds during the stage of hyper- 
pyrexia that the creatin output is high, despite the fact that the patients 
are receiving a diet which under normal conditions, both in heat units and 
nitrogen content, is amply sufficient to protect the urine from the appear- 
ance of creatin. Moreover, during convalescence the urine of a patient on 
the same diet will be perfectly free from creatin. It will be noted that 
the urine of the patient under discussion, whose case was clinically one of 
a mild type, contained no creatin, except on a single day in which there 
was a slight postcritical rise in temperature. 

Uric Acid—Compared with the results obtained from normal sub- 
jects, the uric acid output throughout this case is high. Folin,** in his 
averages of 30 normal urines, gives the highest output for uric acid nitro- 


24. Folin: Analysis of Thirty Normal Urines, Amer. Jour. Physiol., 1905, 


xiii, 62. 
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gen as 0.15, the lowest 0.08 gm., and the average 0.12 gm. During this 
time the patient was delervescing, the uric acid nitrogen varied fron 
0.38 to 0.24, and on the day before the postcritical rise 0.55 gm. of uri 
acid nitrogen were eliminated. From that time on the uric acid excre- 
tions fell rapidly until on the 25th it was 0.08 gm., the lowest valu 
recorded by Folin. It will be noted that the highest output, 0.55 gn 
occurred on the 23d. This is four days after the normal temperature had 
been reached for the first time, but also on a day on which an excessive 
nitrogen excretion was obtained. On this day, therefore, it would appear 
that the autolytic products, resulting from resolution of the lung and con- 
taining much nuclein derivatives, were thrown into the circulation and 
incompletely catabolized 

Rest Nitrogen.—One of us in several papers already published has 
indicated that rest nitrogen plays an important part in the scheme of 
analysis here followed. In certain disease, notably typhoid fever, and the 
toxemias of pregnancy, it has been found in the severer stages of the 
condition that the relative and absolute amounts of the rest nitrogen 
fractions are increased. This we have been disposed to set down to defec 
tive processes of desamidation. It is, therefore, interesting to compar 
the present series of examinations in pneumonia with typhoid fever, as 
the two have the common factors of high temperature, loss of nitrogen 
and of body weight. One finds in the severe cases of pneumonia extremel\ 
high absolute amounts of undetermined nitrogen, but the relation of rest 


nitrogen to total nitrogen urea never reached the high value one observes 


in typhoid fever and eclampsia. 

The maximum figure for normal subjects which Folin gives is 0.85 
gm. and the lowest 0.41 gm., as against, in the mild cases, 1.93 gm. On 
the other hand, while the ratio for undetermined nitrogen varied in the 
normal urine of Folin from 2.7 per cent. to 5.3 per cent., the values in this 
case are not a great deal higher. On the first day of the examination, it 
is true, 5.9 per cent. of the total nitrogen was excreted in this form; o1 


the following days the ratio was 2.1 to 7.8 per cent. 


One may say, therefore, that. while a large amount of undetermin 


nitrogen is eliminated, even in the milder cases of pneumonia, the ratio o! 

this fraction of the nitrogen rises but little, if at a!l. It is, however, sig 

nificant that when the stage of apyrexia and convalescence has set in, the 

absolute amounts of undetermined nitrogen are entirely within the limits 

of what is found for normal subjects. It has been observed on numerous 

occasions that during the resolution of the lung albumose-like substances 
:; 


have been excreted in the urine, due, as it is thought. to the entranc: 
into the circulation of the products of the autolysis of the lungs. Thes« 
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would naturally be found in the rest nitrogen fraction. In some cases 
(Nos. 1, 4, 5, 9 and 13) we have tested for the presence of albumoses by 
Devoto’s modification of Hofmeister’s method. We have never found such 
amounts of albumoses as would account for the very high amounts of 
rest nitrogen found in this case and the following. 

The Sulphur and Its Partition —As we have already mentioned, the 
excretion of sulphur and its relation to nitrogen should afford a valuable 
indication of the type of protein catabolized. It is well known that the 
relation of sulphur to nitrogen in protein varies between very wide limits. 
If at a definite time the type of nitrogen catabolized should change, one 
should have evidence of this change in the varying relation of sulphur to 
nitrogen in the urine. 

If one recalculates the values obtained by Folin in his work on normal! 
urine, one finds a remarkably close agreement between his normal, high, 
low and average ratios. These are, respectively, 8.3, 8.2 and 8.2, and by 
dividing the lowest sulphur by the highest nitrogen, and the highest sul- 
phur by the lowest nitrogen, we obtain extreme values of 7.2 and 10 per 
cent. In the case which we are at present discussing the ratios are undoubt- 
edly lower, varying between 7.4 and 5.1 per cent. This does not always 
hold, as will be seen in other cases, but from a study of the tables an 
impression will be gained that at high temperatures the body seeks to 
retain those proteins containing the higher amount of sulphur, and, for 
this reason, the ratio of sulphur to nitrogen in the urine falls. 

This phenomenon is also to be observed, to a certain extent, in starva- 
tion. In this instance, when the body has obvious need of sparing its 
most valuable protein, and uses up the lesser type, the ratio also falls. 

Sulphate Sulphur—One has been accustomed for many years to 
assign the formation of sulphates, particularly the alkaline sulphates, to 
much the same class of processes as those giving rise to urea, and both 
have been regarded as indications of the oxidative capacity of the organ- 
ism. We know that the urea-forming function is not in any sense an 
oxidation. With the sulphur, however, one must admit that oxidation is 
the process taking place in transforming the cystin group of the protein 
molecule into sulphates. This fact Zweifel has used, not with very great 
success, as a basis to prove a condition of suboxidation occurring in 
eclampsia. 

In the present case, no question of “suboxidation” can be raised. for 
the ratios of total sulphate sulphur to the total sulphur are high, excep- 
tionally so. The minimum and maximum figures in Folin’s results were 


84.7 and 89.6 per cent. Here we find ratios between 85.0 and 92.8 per 
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cent. It is notable that the hig] est value comes upon the day ol highest 
nitrogen output, when 30.1 gm. of nitrogen were excreted. 

Ethereal Sulphate Sulphur.—The values for ethereal do not call for 
any especial comment in this case. In none of the cases examined are 
the amounts of ethereal sulphur excreted beyond those found in normal 
subjects. In Folin’s analyses, the absolute amounts of ethereal sulphur 
excreted varied between 0.076 and 0.100, the average being 0.088. The 
amounts excreted by this patient were decidedly below this. ‘This is in 
spite of the fact that the urine showed marked reactions for indican. 
One of us has previously shown in experimental work in animals that 
the excretion of ethereal sulphur bears no relation to the test for indican, 
and this is borne out in cases of pneumonia. It is shown extremely well 
in this case. One finds a marked test for indican on a day (24th) on 
which the ethereal sulphur excretion was 0.05 gm., and a weak test on the 
21st, on which day.0.06 gm. were excreted. 

The Neutral Sulphur.—This fraction of the sulphur deserves especial 
consideration, for the reason that, apart from being concerned with proc- 
esses of endogenous metabolism, a comparison of the neutral sulphur 
with the undetermined nitrogen should throw light on the composition of 
the latter. In the group of compounds designated as rest nitrogen, there 
are estimated the purin compounds, excluding uric acid, the proteic acids 
of Bondzynski and his coworkers, the amino-acids, indol and skatol com- 
pounds, ete. The compounds which interest us here are the proteic acids 
which contain sulphur, and hence are common to the rest nitrogen and 
neutral sulphur groups. Most of the albumoses also contain sulphur and 
are hence in these two classes. As has been mentioned, albumoses are 
found in the urine in pneumonia, particularly during the stage of reso- 
lution, and Gawinski*® has found that the proteic acids are found 
increased in certain pathological conditions, 

A consideration of the relation of neutral sulphur to undetermined 
nitrogen should enable us to determine whether at certain periods of the 
disease relatively more sulphur-containing compounds of unknown char- 
acter are excreted. 

In the case under examination it will be seen that the ratios vary 


] 


considerably. Starting with a ratio of neutral sulphur x 100 to rest 


nitrogen of 13.2 on the day of a beginning crisis, the ratio suddenly rises 
to 46.3, a phenomenon which would correspond with Gawinski’s findings 
of increased oxyproteic acids. Thereafter the ratio falls to the neighbor- 
hood of 10 per cent. (8.9; 7.8; 9.0), and on the last dav of the exami- 
25. Gawinski: Ztschr. physiol. Chem., 1908, lviii, 462. See also Ginsberg 


Beitr. z. chem. Physiol. u. Path Hofmeister’s), 1907, x, 411 
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nation rises to 26.4 per cent. In some of the following cases much greater 
differences will be found in the ratios between the neutral sulphur and 
undetermined nitrogen, and one case will furnish an example of as much 
sulphur in neutral form being excreted as rest nitrogen. 
Phosphorus.—In connection with the breaking down of nuclear com- 
pounds and their metabolism, the phosphorus elimination shows a marked 
rise during the latter part of the crisis. Not only is the rise an absolute 
one, but the ratio to total nitrogen is increased over 300 per cent. It 
would appear, from this case at least, that during the stage of hyper- 
pyrexia phosphorus is retained by the body in much the same way as is 
the chlorin. This agrees entirely with Gouraud’s statement.** In Gou- 
raud’s case the commencing increase in the chlorin excretion preceded 


that of phosphorus by twenty-four hours. 


TABLE 2.—: 





$ 2 - ~ Zz Z 
« > Se oy 
2 ¢ é = z i 
-— «se « © £2 2 Zz & s =F 
»s ££ Fe SE 5 » £7 
a > n = < & & = Ws as x 
Gm Gm Gm Gm 
2 832 1024 0 0 15.91 14.11 88.7 1.09 81.8 0.32 
3 628 1025 0 0 15.14 13.43 88.7 0.69 84.2 0.28 
41110 1023 1} ++ 0 27.57 2484 90.2 2.14 82.4 0.52 
5 635 1025 ?ft + 0 13.69 11.92 87.2 2.73 37.2 0.30 
6 535 1021 ft 0 0 10.10 8.51 84.1 0.64 6.3 7.87 TIS 0.37 
7 #570 1016 #F 0 0 6.82 5.63 82.5 059 8.6 04 73.9 0.31 


During the first period of the examination of the present case but 
0.06 gm. of chlorin were excreted. This was followed by a rise to 0.22 
gm., while the excretion of phosphorus remained constant, rising on the 
succeeding day. Gouraud was not able to make out a coincidence between 
the excretion of chlorin and of phosphorus, nor, as will be seen from our 
results, have we. 


Case 2.—The patient, T. E. S., male, aged 23, non-alcoholic, was admitted on 


the third day of the disease (January 26) with a mild attack of right lower lobe 
pneumonia. His general condition was excellent; he never gave the impression 
of being ill. February 2 the temperature began to fall, patient slept well, ate 
well, and was comfortable; same on the 28th, with temperature two degrees lowe 
On the 29th temperature reached normal. Convalescence from then on was unin 


terrupted. 


26. Gouraud: Compt. rend. Soc. biol, Paris, 1902, liv, 3 
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catabolized. During the period from the 28th day to the 31st. the leuco- 
cyte count fell from 24,100 to 10,000 per cubic millimeter. The remain- 
ing point in connection with this case is the close relation which exists 
between the neutral sulphur and the undetermined nitrogen. No such 
variation takes place as was found in Case 1. The values in the present 
case lie between 15 per cent. and 20 per cent., while in the former case a 
variation occurs between 7.8 per cent. and 46.3 per cent. One may con- 
clude in this case that with regard to their sulphur content the substances 
which were being excreted as undetermined nitrogen were fairly constant 
in composition. 

CASE 3.—The patient, B., male, aged 45, three days before admission had pain 


in the right side with shortness of breath and very slight cough. He did not have 


TABLE 3 
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3 1530 1021 + 0 + 22. 80 20.06 SS.0 1.66 ; 18.40 80.7 0.78 4 
4 940 1018 4 0 9.88 8.25 83.6 0.45 1.6 7.80 79.0 043 4.4 
: 650 1019 # : +* 7.96 6.23 78.3 0.76 9.5 5.47 68.8 0.45 8 
6 390 1083 ¢t + +° 550 425 77.3 054 98 3.71 67.5 0.36 65 
7 380 1022 7 0 4 5.45 424 77.8 0.44 8.1 3.80 69.7 0.40 7.8 
Sane DP 6 2 : as -aeeen WE wae 7.0 70.3. 7.6 
¥ 1370 1006 0 - 5.78 5.10 88.2 0.71 12.2 $39 76.0 637 6.4 
10 3680 1001 ¢ O 0 4.53 3.83 845 0.85 18.7 2.98 65.8 0.37 8.2 


a chill, but sweated at night. Examination showed over middle and right middle 
lobes anteriorly and laterally very loud pleuritie friction sounds; over right 
lower lobe posteriorly and laterally marked dulness, diminished fremitus and 
diminished distant breathing. Diagnosis, pleurisy with effusion. The patient 
was given the non-nitrogenous diet, consisting of malted starch, cream and sugar, 


and 6 gm. of sodium chlorid. 
This third case, which serves to a certain extent for comparison with 


the foregoing two, is one of tuberculous nature with continued high tem- 


: perature. As will be seen from the records, the temperature was seldom 


under 103, and for a greater part of the time of the examination 104. 
With this temperature there was no hyperleucocytosis, and the Widal 


reaction was negative. Before the examination, 1,000 c.c. of fluid had 


been taken from the chest. 
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this series of analyses, despite the fact that during the examination the 
patient received practically no protein. 

On the last day on which the urine was examined, a marked polyuria 
will be noted, due to the administration of 1,000 c.c. of “white drink.” 

The flushing out of the system by the very large quantity of urine 
passed did not have any influence either on the excretion of nitrogen or 
on the undetermined nitrogen. 

CASE 4.—The patient, L. B., male, aged 18, was admitted on the fifth day of 
the disease (April 26) with a mild attack of central pneumonia, coming to the 
surface of the lung at the lower right lobe in small area. On the 27th the patient 


TABLE 4.—PROTEIN METABOLIs 





i 4 = ge 6 ze ¢ #* 
; = s + x 
3s 2+ ¢ ££ : 2 2 § GF FR & G 
> 2 332 §€ § §€ SF Hos fF 
5S > @ & < é = < & « » 5S & © 
Gm Gm Gm. Gm Gm 
2 2040 1014 ¢ 0 + ++ 24.84 19.80 79.7 0.75 3.0 19.05 76.7 0. 
2500 1008 0 17.33 15.87 91.6 1.00 5.8 14.87 85.8 0.48 
4 2455 1011 7 0 Pet 291.41 19.60 915 1.30 6.1 18.30 85.4 0.54 
5 11870 1012 + 0 + + + 17.60 16.32 92.8 0.94 5.3 15.38 87.5 0.49 
6 1190 1019 ¢ 0 ++ 16.30 15.33 94.0 2.16 13.3 13.17 80.7 0.48 
7 060 1030 o ' 16.76 15.42 92.0 0.50 3.0 1492 89.0 0.46 
8 1105 1017 7 ) +++4 13.48 12.58 93.3 0.28 2.1 12.30 91.2 0.41 
it) 940 1018 ¢ i) +. 4 9.89 9.16 92.7 1.36 13.8 7.80 78.9 0.29 
10 1145 1019 + 0 . 13.90 12.92 92.9 1.36 9.7 11.56 83.2 0.46 
11 1930 1022 } 0 + + 28.97 26.89 92.9 O87 3.0 26.02 89.9 0.75 
12 660 «1016 F + + + 8.22 7.77 94.6 O31 3.8 7.46 90.8 0.22 
13 480) «61021 =F 0 +++ 8.11 7.60 93.7 0.18 2.2 7.42 91.5 0.22 
was comfortable, condition good \ precritical rise of temperature to 104 


occurred on this day, followed on the 28th by defervescence during the day, which 
was completed on early morning of the 29th. On the 28th he was comfortable, 
condition excellent; on the 29th, lung was resolving, which was completed by 
May 1. Convalescence was uninterrupted; patient discharged May 10. 

In this case the crisis occupied about thirty-six hours for its comple- 
tion, and in order to study the effects of an uninterrupted convalescence 
the examinations of the urine were continued over nine days, during 
which time the temperature was normal. One finds the nitrogen and 
sulphur excretion steadily decreasing, but the total output is high, never 
decreasing below 9.89 gm. This is in marked contrast with the case of 


pleurisv (Case 3, B.) which we have just discussed. 
] 
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On the eleventh day of the disease there is a marked rise in the 


nitrogen excretion to 28.9 gm., unaccompanied by rise in temperature, 
pulse or any unusual clinical signs. Unquestionably, at this point th 
products of the autolysis of the pulmonary exudate were suddenly thrown 
into the circulation. On the day preceding, warning of this was given by 
a rise in total nitrogen from 9.8 to 13.9 gm. This rise is not accom- 
panied by any special features in the distribution of the nitrogen, except 
in two respects, a marked rise in the excretion of creatinin, and the 
advent of a comparatively large amount of creatin in the urine. Unex- 


pectedly, the uric-acid excretion is not affected, although on this day a 


PNEUMONIA 
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very large amount of phosphorus is eliminated. The reason for this is 
obscure. On this day, and the following day, the ratios of sulphur to 
nitrogen undergo another change. Where for some time previously the 
ratios varied from 6.0 to 6.3, the ratio is now 7.4 to 7.6, indicating with 
this rise in the ratio that a tvpe of protein is being catabolized which con- 
tains considerably more sulphur 

Regarding the ratio of neutral sulphur to rest nitrogen, some very 


hearing on the composition of these sub- 


interesting facts are disclosed 


stances. 


The high elimination of nitrogen at the crisis is attended with the 


excretion of substances of unknown composition, which are relatively poo 
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during the night. The patient’s general condition improved, and on the 12th he 
was in good condition. On the 13th he was slightly delirious during the day and 
night, but during the l4th he again improved, and on the 15th, the seventh day 
of the disease, he was comfortable and defervesced The 16th, l7th, 18th and 
19th were days of a rapid and good convalescence 

s MODERATELY SEVERE PNEUMONIA 
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This case ended by crisis, with a marked postcritical rise on the day 
following. This dav is the one on which the urine was first examined. 
This case does not differ markedly from the preceding case, except that 
CASE 6, MODERATELY SEVERE PNEUMONIA 
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10.6 15 6.3 1.17 75.5 1.13 72.6 0.04 2.9 038 24.5 145 1.34 0.7 92- SO 100.8. 90.4 
the ratios for amid and urea nitrogen are somewhat highe The 
ammonia is low, both relatively and absolutely, as is also the creatinin. 
In this case one sees very clearly the retention of phosphorus and its 
subsequent elimination, after the temperature has reached normal 
Case 6.—The patient, T. R., male, aged 46, moderately alcoholic, with history 
of syphilis, was admitted on fifth day of disease, though the lung was not fully 
consolidated. remper iture, 5 p. m™m was 105 } pulse LOG, re spiration 34 Con 
solidation developed during the night of admission in the right lower lobe On 
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the 2lst patient was comfortable except for pain on coughing, condition good; 
moderately severe attack. On the 22d, condition was slightly better; on the 23d, 
condition showed continued improvement, and defervescence occurred during the 
night; on the 24th, improvement continued and resolution of lung began; on the 
25th, resolution continued with marked general improvement; on the 26th, the 
patient was convalescent, lung resolved rather slowly. 


This case differs from the preceding in that the defervescence was 
spread over at least four days. The analyses of the urine of the patient 
are complicated by the fact that on one day at least the urine was con- 


taminated, and all the specimens but one were alkaline, so that the rela- 


tive values for urea and ammonia are uncertain. 


TABLE 7.—PROTEIN 


Gravity. 


Disease 
Nitrogen 


of 
Volume cx 
Specific 
Reaction 
Albumin 
Total 
Amid Nitrogen, 


Day 


Gm Gm. Gm i Gm. 
1176 1023 + + - 25.66 22.60 ; 0.91 3.6 21.69 84.5 0.58 
1150 1021 +4 - 19.37 17.16 88.6 0.81 2 ae 84.4 0.54 
1100 1025 22.48 20.08 89.3 0.74 3.3 9.f 86.0 0.54 
700 1024 - 14.76 13.08 8.6 083 5.6 12.25 83.0 0.48 
560 1025 - 11.50 10.08 7.7 O97 B82 9.11 79.2 0.34 
No specimen 
710 1028 }-. +. 9 15.35 13.64 88.9 0.68 12.96 84.5 0.55 
840 1027 + 17.85 16.05 89.9 095 5.3 15.10 84.6 0.57 
960 1028 : 20.96 18.96 90.5 1.04 5 17.92 


The case is of interest in showing postcritical rise in the elimination 
of nitrogen; on the 23d day, only 12.8 grams of nitrogen were excreted, 
while on the 25th day 24.2 grams were eliminated. 

Very high ratios of total sulphur, total nitrogen were obtained on 


the second and third days of the examination, viz., 11.1 and 10.8, and in 


this respect this patient differs from the preceding ones, in which the 


effort of the individual to spare his sulphur at the beginning of the ill- 
ness is made plain by the low ratio obtaining at that time. 


Case 7.—The patient, F—t, male, aged 26, non-aleoholic, was admitted on the 
first day of the disease, May 12. On admission temperature was 103, pulse 104, 
respiration 52. There were severe pain and dyspnea from pleurisy. The lung 
was in a stage of congestion in left lower lobe; the patient moderately sick. Gen 
eral condition was good on the 13th and 14th, though temperature was 104.5 F 
pulse 120, respiration 24 during both afternoons; signs in chest seemed more 
those of fluid than consolidation. Chest was tapped with negative result. Patient 
was not so well during night of the 14th, decidedly improved on the 15th; mod 
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7.3 O76 6.6 
5.5 1.17 7.6 
4.7 1.33 7.4 
5.1 1.48 7.1 
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erately sick during the 16th. He continued to improve, and during the 17th to 
the 24th slowly but steadily improved. The temperature fell by lysis, the lung 
beginning to resolve on the 2Ist 

This case shows the course of a very protracted lysis, the temperature 
not reaching normal during the course of the examination. The diet 
during the examination contained four eggs, in addition to the amount 
the other patients received, bringing the nitrogen to 12 gm. 

The first respect in which this case differs from the preceding is the 


f nitrogen. The fluctuations are great, it is 


constantly high excretion ¢ 
true, varying btween 25.6 and 11.5 gm., but no steady decrease is 
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3.6 O38 22 9 20.1 0.62 1.06 116- 92 103.8-102.0 





1.10 80.3 1.01 73.7 19.7 25.0 0.68 OSS 120- 96 103.0-101.6 


133 82.1 1.25 77.2 0.08 49 029 17.9 22.1 0.65 0.66 100- 92 102.2-100.4 


O84 R24 0.77 75.5 0.07 6.0 0.18 17.6 18.8 onl ono 104- 92 102.4-100.2 


0.64 84.2 060 79.0 0.04 52 0.12 15.8 14.83 0.55 0.44 116- 88 102.0-100.2 


0.97 82.9 0.90 769 0.07 60 0.20 17.1 23.5 O87 1.41 108- 96 102.2- 99.4 
1.15 86.5 1.08 81.2 0.07 5.3 90.18 13.5 21.2 1.13 1.82 108-100 102.6-100.6 
1.35 91.2 1.25 845 0.10 6.7 0.13 88 122 1.46 1.61 96- 80 101.0-100.0 


observed in the elimination. It is instructive, however, to compare this 
case with Case 3, in which the temperature had a course similar to this 
except that the temperature was uniformly almost a degree higher. There 
we concluded we were dealing with a tuberculous pleurisy, with little o1 
no toxic destruction of protein. Here, if one may judge from the nitro- 
gen excretion, the amount of protein destroyed is excessive. 

In accordance with what appears to us to indicate excessive metabo- 
lism due to the action of the toxins, one finds higher absolute amounts 
of creatinin with a fall at a period coinciding with lower temperature. 
With this high creatinin excretion, we find associated a large amount of 
creatin, reaching on the first day the very unusual amount of 0.34 gm.*7 


29. It will be instructive to note the explanation of this high creatin output in 
eases of typhoid which has been offered by Ewing and Wolf (Tur ArcHives IN1 
MEp., 1909, iv, 336). A similar explanation will satisfy the difference which one 
observes in the total nitrogen and creatin output in Cases 3 and 7 of this series 
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With the progress of the case, we here find a fall in creatinin and a 
subsequent rise and, what is of more interest, the practically complete 
disappearance of creatin from the urine. This case is also marked by the 
larger amount of uric acid excreted, a circumstance which seems also to 
point to excess in nuclear destruction. This is also partly borne out by 
the fact that the phosphorus excretion in this case is uniformly high, in 
one day, the last of the examination, 1.46 gm. of phosphorus being 
excreted. 

The next case which we present, while incomplete serially, gives the 
nitrogen metabolism occurring during a crisis in which the temperature 
fell in twenty-four hours from 106 to 98.2. 


Case 8.—The patient, P. F., male, aged 34, with aleoholic history, was 


admitted sixth day of disease, February 7, moderately sick, with a small central 


patch of pneumonia in the left upper lobe; symptoms in excess of amount of lung 
involved, with mild alcoholic hallucinations. In spite of high temperature (106), 
and pulse of 120, patient did not impress one as being very ill during the 18th 
and 19th. On the 18th consolidation spread through upper lobe. Rapid deferves- 
cence secured on the 20th, and marked improvement; and on the 21st, convales 
cence. Lung cleared by the 25th. 

The first collection of urine was not made quantitatively. On the 
day on which the crisis commenced, the total nitrogen was compara- 
tively low, only 9.2 gm. being excreted. During the following twenty- 
four hours the nitrogen excretion had risen to 24.7 gm. With this 
increase the uric acid, previously excreted to the amount of 0.05 gm., 
rises to six times that amount. The undetermined nitrogen also increased 
in exactly the same ratio. 

The crisis was followed by a slight posteritical rise, during which no 
more specimens of urine were examined. The excretion of nitrogen on 
this day was even higher, rising to 26.1 gm. In both these days the low 
ratio of amid nitrogen, and the high undetermined nitrogen, led one to 
conclude that through this period the products of autolysis were being 
excreted in such amounts as to es ape the catabolic processes leading to 
ammonia and urea. 

SEVERE CASES 

The following group of cases are those of patients clinically character- 

ized as s¢ verely ill: 


Case 9.—The patient, C.. male, aged 27, non-aleoholic, with history of syphilis 


four years previously, was admitted April 22 with right lower lobe pneumonia, 
eighth day of disease. On April 23, temperature was 104.8 F., pulse 104, respira- 
tion 40; patient was severely sick and delirious; general conditions not good. 
On the 24th, he was still severely sick. On the 25th, the patient began to 
improve, but was still delirious. On the 26th, he was much improved in general 
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condition, though still delirious; defervescence began. 
completed; general condition excellent, though patient was delirious at night. 
On the 28th, he was convalescent; on the 29th, lung cleared. 

This case is distinguished from those which precede by a considerable 
amount of albumin in the urine, indicating the effect of the toxic condi- 
tion on the kidneys. On the other hand, the toxemia does not appear to 
have led to a very marked destruction of protein, for at no point in the 


i = & = 
: - . 
ro) % <) = o S 
» ss g £ §& = “ 2 @ 
» 3 £i 2 ¢ =F BG 
& - ao | < = - < < 
Gm. Gm 
2 1440 1018 + ++ bo 12.21 10.15 
3.1220 1016 + - + +4 fo ofp ofp of 14.39 12.26 
4 905 1015 7 +++ +++-+ 12.32 10.88 
5 1075 1017 +¢ +++ t++-+ 15.43 13.43 
6 910 1017 # 0 $- 4 15.59 12.83 
7 820 1020 ; t r++ 4 16.37 13.19 
s 450 1027 } : +++ + 9.71 8.44 
9 450 1026 ?# 0 £. hs oh off 10.24 9.0 
10 600 1025 + 0 a 12.65 11.66 
11 No urine received 
12 1090 1016 ft 0 + + Urine decomposed 
13 840 1020 ¢ 0 ++++ Urine decomposed 
14 815 1025 1 0 + + + Urine decomposed 
15 S20 1028 t 0 fe ah ah of 11.40 10.38 
16 1100 1022 ¢ 0 +44 11.78 11.31 
17 940 1023 ¢ 0 ++4 11.02 10.30 
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examination was the amount of nitrogen excreted excessive. 


ently have here an indication of two types of toxic condition, the one 
leading within the cell to a breaking down of protein and accompanied 
by a large amount of nitrogen in the urine; the other is shown by the 
irritative effect on the kidneys. As will be seen, in some of the most toxic 
cases which we have examined—cases which are recognized clinically as 
most severe—not only is the nitrogen output extremely high, but an 
intense nephritis is set up, as is shown by the large amount of albumin 


excreted in the urine. 
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den delirium of alcoholic type. On the 13th, the general condition same except 
that delirium had diminished; 540 c.c. of semi-purulent fluid were drawn from the 
left chest. On the 14th, respirations were easier, but general conditions and 
delirium about the same; on the 15th, general conditions slightly but distinctly 
better; on the 16th, the patient was slightly better. On January 17, his general 
condition was much improved; mental condition normal; January 18, improvement 
continued; January 19, patient still improved. On January 20, general condi- 
tion was not quite so good; signs of fluid had returned; on the 2Ist, the patient 


was not quite so well. On the 22d, conditions were good but not improving; 450 


TABLE 10.—PROTEIN METABOLIsy 





a. = s Zz Zz . Zz 
; e Z , ae a se §& 
-eaakhéd «a zi 3 5 3 
eecéea = = = a és eé 
Gm Gm Gm Gm 
2 300 1023 — ste 6.02 ee. 2.05 83.9 0.50 98 446 74.1 
$ 350 1023 ¢ +++ ++4 5.72 O88 401 828 044 9.0 3.57 73.8 
4 785 1020 7 + + 11.23 .... 9.04 80.5 1.59 14.2 7.45 66.3 
5 715 1020 ¢ - 0 8.04 .... 591 73.5 1.24 15.4 4.67 58.1 
6 30 1018 + + 0 5.05 ~~. 408 TAD Gs 10.5 ”) 6O.4 
7 912 1012 f - 0 7.95 .... 644 81.0 094 118 550 69.2 
) 6870 1020 F - 0 9.66 .... 7.88 81.6 0.94 9.8 694 71.8 
10 #6470 1021 Ff - 0 - i 6.13 83.7 109 15.0 5.04 68.7 
11 800 1015 S.4 7.26 81.2 056 63 6.70 74.9 
12 «6618 ) «#41017 7.33 5.46 70.7 0.64 8.2 482 62.5 
1 905 112 ¢f 0 0 7.79 6.07 T7909 184 23.6 4.23 54.5 
14 850 1014 0 0 8.34 638 765 5.58 66.9 O.S80 9.6 
15 670 1013 ¢f 0 0 5.89 $55 77.2 1.54 26 ol 709 
16 820 1012 ¢t 0 0 6.09 482 79.1 2.71 445 2.11 4.6 


c.c. of bloody fluid drawn from the left chest. January 23, 24 and 25, conditions 
remained stationary. Operation was decided on the 25th, and on the 26th 200 c.c. 
of brownish, bloody pus were drained from chest. Patient's condition was good; 
January 27, it was improved, and from then on the patient made a slow but good 


recovery, 

This case, one which must be regarded as a severe type of inflamma- 
tion of the lung, is complicated by an empyema. The examination of 
the case is incomplete, for the reason that estimation of nitrogen content 
of the pyemic fluid was not made. During the examination the patient 
was tapped twice, and altogether 840 c.c. of pus removed. 

The nitrogen is distributed more on the lines of a non-nitrogenous 
high carbohydrate diet, the ammonia ratio high, urea ratio low, and unde- 


termined nitrogen high. 
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Apparently the condition was of such a type as to allow the nitrogen 
catabolism to be amenable to protection with carbohydrate. 

It is also interesting to note that the ratio of neutral sulphur to 
undetermined nitrogen is very close to what Folin found in normal cases 
on a non-nitrogenous diet. For example, a recalculation of the lowest 
nitrogen output in Tables 7 and 5 of Folin’s article gives a ratio of 


neutral sulphur to rest nitrogen of 20.0 and 15.4 
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55 08.20 60.6 O17 51.5 0.08 91 O18 38.4 0.69 O.OS 18.0) 136-120 105.0-101 
6.6 O21 55.3 O17 44.7 0.04 10.6 O17 44.7 0.49 0.18 41.5 126-122 102.2-100 
7.3 O55 67.1 0.49 SOS 0.06 7.3 0.27 32.9 1.43 1.28 17.3 26-118 101.6-101 
7.0 O81 55.4 O.27 48.2 0.04 7.2 025 44.6 1.48 0.21 15.6 126-120) 102.2-101.2 
69 O24 68.6 0.22 62.8 0.02 58 O§=F11 314 0.44 OST 21.1 120-112 102.8-100 
7.9 043 68.3 0.39 61.9 0.04 64 O20 31.7 0.72 31.2 120-110 102.0-100 
2.2 0.96 81.3 0.92 78.0 0.04 3 O22 18.7 0.65 0.23 22.9 108-100 101.2-100 
2.8 O77 81.9 O.73 77.7 0.04 $20 O17 18.1 040 042 25.0 120- 96 1010-110 
75 046 68.7 O40 SOT O06 90 OF21 1S O54 O47 21.6 120-102 1e2.2- oO 
6.6 O41 688 O8=£26 S10 O05 9.2 0.20 39.2 O38 0.72 12.5 116-102 101.6-100 
65 034 66.7 O<.27 52.9 0.07 13.8) O17 M5 844 O56 15.8 116-100 101.8-100 
6.7 0.35 62.5 0.30 53.6 0.05 8.9 0.21 47.5 O82 O51 14.8 116-100 101.4- 99.2 
68 O27 675 O24 GOO O08 7. O18 2.5 = O8F40 OF40 °° 13.2 110- 92 1LOLO- 99 
6.4 0.28 59.0 0.19 48.7 0.04 10.3 016 41.0 0.69 O47 23.6 110-100 101.0. 99 


With the exception of two days of distinctly high ratio, namely, 41.5, 


31.2 and 25.0, the values found in the present case are practically within 
the normal figures given there: in other words. the rest nitrogen in this 


case appears to have a composition, as far as its content in sulphur goes, 
very close to what has been observed in the normal. 

CASE 11.—The patient, F—d, made, aged 27, non-alcoholic, came to the hospital 
May 15, on the eighth day of disease, having been untreated; severely sick on 
admission. Temperature was 104, pulse 168, respiration 48. Next day, the 16th 
the patient was stil! severely sick and delirious; on the 17th, he was distinctly 
better and defervescence began and was completed on the morning of the 18th, on 
which day he was greatly improved On the 19th and 20th, he was comfortable 
and convalescent; on the 21st, pleuritic pain was marked; on the 22d, patient was 
comfortable; on the 23d, he sat up in bed. On the 24th, he was up in ward, and 


on the 25th, discharged 
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The urines in this case were examined during the period of the crisis, 
which had apparently begun before the examination. The maximum rise 
in nitrogen took place on the fourth day, when the temperature had prac- 
tically reached normal. There was a slight increase also on the seventh 
day, accompanied, however, by a distinct but fleeting rise in the tempera- 
ture. From then on the patient passed into a condition of practical 
nitrogen equilibrium. 

The creatinin nitrogen was low. On the first day of the examination 
a notable quantity of creatin nitrogen was excreted, 0.31 gm., but this 
rapidly fell, and while throughout the examination small quantities were 
constantly present, the amounts excreted daily were small. 


TABLE 11. 
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$45 1026 3 } $. of 18.72 16.63 S888 O89 47 5.74 84.1 0.41 
3 720 1027 + ++ 19.20 17.54 91.4 1.02 5.3 16.52 86.1 0.33 
4 800 1028 0 +++4 29 51 20.82 92.5 1.48 6.6 19.34 85.9 0.38 
5 620 1029 + 0O to 16.39 15.21 928 O86 53 14.35 87.5 0.30 
6 730 «#61028 ft 0 +++ 16.85 15.59 92.5 1.39 83 14.20 84.2 0.35 
7 840 1027 ft 0 17.87 16.07 89.9 153 8.6 1454 81.3 0.43 
8 630 1029 #F 0 + + 13.33 11.94 89.5 0.74 5.5 11.20 84.0 0.32 
© 1000 1605 €¢ © cesses 16.56 15.04 90.8 0.77 4.6 1427 86.2 0.42 
10 Se 3008 € O caves -- 13.67 12.50 91.4 0.75 5.5 11.75 85.9 0.36 


While the chlorin disappeared entirely, on one day of the examination, 
the phosphorus increased steadily, reaching its maximum on the last day 
of the disease. The chlorin had, however, become maximal in amount 
the day previous. 


Case 12.—The patient, H. C., male, aged 27, until one year ago was very alco- 
holic; had syphilis seven years ago; was admitted on sixth day of disease with 
left upper lobe involved and with a small area in the upper portion of the right 
lower lobe and also area in the right upper lobe. He seemed dull and sicker than 
his symptoms indicated. On the night of the 21st he was restless and uncom- 
fortable: on the 22d, nauseated and vomited his food, was restless, dull, and 
seemed severely sick. New area of consolidation appeared in the right upper 
lobe. On the 23d, the patient was more comfortable and general condition 
improved ; began to defervesce On the 24th, defervescence was complete and 
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general condition much improved. On the 25th, consolidation in left lower lob 
was resolving, patient comfortable, and general condition excellent. On the 26th 
patient was convalescent, and continued so uninterruptedly 

This case was one characterized clinically as very severely toxic in 
tvpe. and a review of the results given by the examination of the urine 
substantiates that view. 

The urine was examined from the time of entrance of the patient to 
the hospital. The defervescence extended over four days. (On these days 
the nitrogen excretion varied between 31.2 and 27.2 gm. Even after a 


normal! temperature was reached the nitrogen elimination sf ll continued 


excessively high, and for five davs (in one of which the urine was lost) 
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85.3 81.6 0.05 3.7 0.20 14.7 18.2 0.66 0.30 164-128 103.8-102.8 
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Not determined O2- 76 99.2- 98.¢ 
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the nitrogen excreted was from 22.7 to 18.3 gm. Not only is the total 
nitrogen output high, but during the febrile period the ratio of amid 
nitrogen to total nitrogen is much below the normal for this amount of 
nitrogen. As the ammonia ratio is low—quite within the supposed] 
normal limits for this amount of nitrogen—the rest nitrogen rises to 
most unusual absolute values 

On the first day of the examination unknown substances containing 
5.82 gm. of nitrogen were excreted. In only one (Case 13) of the other 
cases have we found amounts in any way approaching this. For seven 


days a very high rest nitrogen was exhibited, falling at times to 1.01. On 


the fifteenth day of the disease the composition of the urine changed com- 
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pletely from that of the previous day. The patient went instantly into 


practical nitrogen balance and produced a urine normal in composition. 


The creatinin output on the first days of the examination was well above 


what has been found in the cases so far discussed, falling on the ninth day 
to a value to be found in most normal cases of this disease. 

The creatin output is extremely high, on some of the days approaching 
very closely to creatinin output itself. It is noticeable also that the final 
fall in creatin precedes the day of low nitrogen excretion. Throughout 
the febrile period of the case the uric-acid nitrogen is also extremely high. 


Its fall precedes that of the total nitrogen. 





TABLE 12.—PROTEIN METABOLIsy 
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With the exception of the first two days, one notes that the ratios 
obtained for the total sulphate sulphur to total sulphur are very high, so 
that as a consequence the neutral sulphur is comparatively low, espe- 
cially when one compares it with the excessive amount of rest nitrogen 
excreted. One can only believe, therefore, that in this case in the group 

unknown substances excreted as rest nitrogen there is a relativelv great 


preponderance of those which contain a very low proportion of sulphur. 


FATAL CASES 


The following cases terminated fatally, but do not comprise the com- 


plete results of all examined. In some of the instances the delirium was 
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tion was about same; May 5, patient’s general condition not as good; pulse was 
worse. On May 6, patient was still delirious; condition fair; May, 7, about 
same; May 8, further extension in right upper lobe; delirium more pronounced 
patient evidently worse On May 9, temperature was lower, but pulse and 
SEVERE PNEUMONIA 
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x 1.56 6S 1 7 7.8 L3o $3.3 0.07 $5 0.19 12.2 11.1 1.07 1.61 92- 76 me OR 0 
».6 1.58 7.0 1.39 87.9 1.32 84.1 O.07 § O.19 12.1 15.1 10 1 84- 80 90.5- 98.4 
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4 0.7 7.2 0.62 S7 O57 80 ot 740 aon 12.7 °1.4 2 0.62 ” xO 99.0- 98,2 
respirations much worse. On the 10th, most of the day patient seemed a little 
better. but in late afternoon grew worse Entire right lower lobe was con 
solidated, patient evidently worse On the 13th, patient continued delirious, an 
pulse was worse in character and faster in rate Condition was verv bad On 
the 14th, patient died 
This typical case we were able to examine over an extensive perio 
during which the temperature ne fell to normal. It 1s e the pre- 
ceding in showing an amount of undetermined nitrogen on the first da 
of the examination al e that of anv so far recorded in the literature 
Creatinin was excreted in an unusually high amount, on the first day 
of the examination. T patient was a small man, weighing probabl| 
not more than 70 kilos In this instance the creatinin coefficient was 
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undoubtedly at least 11.0, a value which has only so far been approached 
in typhoid fever,** and by Hoogenhuyze and Verploegh®® in muscular 
effort in which the metabolism is at a very high level. 

What is quite remarkable is the absence of creatin in these urines until 
the last of the examination, when the creatin nitrogen steadily rises. Dur- 
ing the time no creatin was found a large amount of muscle tissue was 
probably catabolized. This unusual state of affairs would tend to show 





TABLE 13.—PROTEIN METABO! 
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that the breaking down of body protein alone, such as occurs in starva- 
tion, is not the only factor essential to the appearance of creatin in the 
urine. It is notable also that the amount of creatin steadily rises until 
death occurs—the amount excreted on the day before death is highest. 
If one may use the relative figures which were obtained for an incom- 
plete specimen of urine on the last day, one may assume that both 
creatinin and creatin were higher on these days than on any preceding. 
The total sulphur in this case merits some attention. In most of the 
other cases examined the ratio of total sulphur to total nitrogen varied 
between 6.0 and 7.5. In this case much higher ratios obtained, in one 


28. Shaffer, P. A.: Am. Jour. Physiol., 1908, xxiii, 16. 
29. Hoogenhuyze and Verploegh: Ztschr. physiol. Chem., 1905, xlvi, 415. 
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dav being 9.5; except on t first da ! nt. of t 
ven was excreted as total sulphur. the ohest values were obtained at 
the end. One might be led to infer that this cata s! i protell 
in sulphur toward the end of the disease was significant, for it has beet 
seen in other conditions—nota delaved chloroform poisoni n 
mals—but such is not altogether the case, for in other lethal ca 
pneumonia which we have examined the ratios are low toward the en 
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In this, as in Case 12, the ratios for the various components OL the 


sulphur partition are high, denoting a very efficient capacity for izing 
the large amount of sulphur excreted. 
Case 14.—The patient, J. W., was admitted with right lower lobe only 


March l, 
the 2d, the 
On 


the patient’s ger 
left lobe 
the 3d, was 
4th, his condition 
On the 5th, the 
On 7th, 


involved; no history obtainable. On admission, and on 


eral condition was good; he seemed severely sick. On lower 


serious, he 


On the 


delirious 


became involved and patient’s condition became more 
very ill, though his general condition was not alarming 


was not better. On the 5th, patient was worse; became 


right lower lobe was resolving, but general condition was very bad. the 


he died. 


This case shows a somewhat different course in the nitrogen metabol- 


In this case 


ism, as the amount of nitrogen excreted rose toward the end. 
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we have the pneumonic condition attended with a nephritis so intense 
that on the day on which the patient died 8.33 gm. of albumin nitrogen, 
equivalent to about 52.1 gm. of albumin, were excreted. The amount of 


albumin excreted varied between wide limits and was not progressive. 
The ammonia nitrogen in this case was high. On the last day of the ill- 
ness 48.5 per cent. of the total nitrogen, excluding albumin nitrogen, 
was excreted in this form. It is possible that the urine on this date was 
decomposed, but it is doubtful. It is worth while noting that in tw 
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cases the day of death was accompanied by an alkaline urine in which a 
large part of the nitrogen was excreted in the form of ammonia. 

The creatinin nitrogen in this case exceeds on an average anything 
which has been found in any previous case, and on the day of death 
reaches a maximum. With the high output of creatinin we have a most 
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unusually high creatin elimination, suddenly appearing on the second day 


of the examination. Clinically the case might easily be compared with 


| 
| 
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the preceding, yet there is a marked difference in the metabolism of the 
two cases. In the one no creatin is found; in the other, creatin appears 
in the urine and reaches a level which is not found in any of the other 
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cases examined. 

The uric acid nitrogen is high throughout, but does not call for any 
special comment, except to point out the unusual amount, 0.43 gm., 
excreted on the terminal day. 

The rest nitrogen, compared with what has been found in some of the 
other cases of severe toxic pneumonia, is both relatively and absolutely 
low. 

A comparison of the neutral sulphur with the undetermined nitrogen 
shows the fluctuating character of the latter, with respect to sulphur. 
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The ratios vary from 48.2 to as low as 8.4. No relationship with thi 
severity of the condition nor with any « 


nitrogen partition can be made out. 


f the important factors of thi 


SUMMARY 
The nitrogen and sulphur metabolism in 19 cases of pneumonia of 
varying degrees of severity have been examined. 
The cases of milder type show a smaller loss in nitrogen and sulphur 


than do those of a more severe grade. The daily loss in nitrogen on a 


diet adequate to protect a resting individual from nitrogen loss may be 
from 20 to 25 gm. 


The relative desamidating capacity, as shown by the ratio of urea 


nitrogen to total nitrogen, is comparable to that of a normal subject 





t. ~ t vA r-) t. = , 
Zh : nD ~ 

a e a - = 3 a 

C v C & ~ 2 > ss : - 

. . oe S Se = = a4. —} : 

oa os o Z ee a) oy Z. & = 
Gm im G Gu Gm Gm 
0.80 66.1 0.77 63.6 0.03 2.5 0.41 33.9 1.60 50 48.2 124-106 105.2-101.2 
1.45 92.4 1.42 90.5 0.08 1.0 0.12 7.6 2.99 0.98 8.4 138-120 105.2-102.0 
0.95 76.6 0.92 74.2 0.03 2.4 0.29 23.4 O.52 1.25 22.8 136-120 104.6-103.8 


1.14 82.1 1.12 80.6 0.02 1.5 0.25 17.9 O88 1.02 13.2 136-120 104.0-103.0 


1.49 69.0 1.44 66.7 0.05 2.53 O67 31.0 0.70 ; 42.5 130-112 105.0.104.0 


The capacit or the oxidation of the eystin zroup, as exhibited bh thre 


ratio of total sulphate sulphur to total sulphur, is quite as high, if not 


higher than normal. 





During the period of hyperpyrexia excessive amounts of creatinin 
are eliminated. This is followed during convalescence by a subnormal 
excretion of creatinin. This is taken to indicate the endeavor on the part 
of the organism to repair the losses sustained during the height of the 


toxemia. 


In the severe cases of pneumonia large amounts of creatin ar 


/ 


excreted. ‘This is seen particularly during the time of greatest nitr. -en 


loss. During convalescence the creatin disappears from the urine. In 


some of the lethal cases the amount of creatin excreted on the day termi- 


nating the illness is as high as the amount of creatinin excreted. 
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During hyperpyrexia, especially in cases severely toxic in type, 
unusually high amounts of undetermined nitrogen are excreted. In some 
cases over 5 gm. of nitrogen derived from uninvestigated substances are 
found in the urine. This nitrogen is not derived from albumoses, as 
the search for these substances revealed quantities which in no way could 
account for the large amount o7 rest nitrogen. 

The sulphur excretion runs more or less parallel with that of the 
nitrogen; but it appears in some of the cases that the catabolism of pro- 
teins rich in sulphur is not so marked as those in which the content of 
sulphur is small. On the other hand, cases progressing unfavorably seem 
to show an excessive destruction of proteins containing much sulphur. 
This is made out from the increased ratio of total sulphur to total nitro- 


gen. 


477 First Avenue—36 East Thirty-first Street. 

















THE BACTERIOLOGY OF ACUTE INFECTIONS OF THE 
RESPIRATORY TRACT IN CHILDREN, WITH ESPE- 
CIAL REFERENCE TO INFLUENZA 


L. EMMETT HOLT, M.D 


NEW YORK 


One of the most striking changes in the mortality figures of the last 
twenty-five years is in the increase in the deaths from acute respiratory 
diseases, especially bronchitis and pneumonia. This has affected all ages, 
infants and young children, as well as adults. As respects infants, th 
mortality from respiratory diseases in New York touched the high point 
in 1902, since which time it has fallen but little. This increase is i 
striking contrast with the steady decline in acute infections of the gastro 
intestinal tract, these having fallen almost as steadily as those of the 
respiratory tract have risen. ‘Thus twenty-five years ago the deaths 
under one year from acute intestinal diseases numbered 3,300; the same 
year those of bronchitis and pneumonia numbered only 1,350. In 1902 
the deaths from acute respiratory diseases were greater by nearly one 
hundred than those from acute intestinal diseases the following year. 
Nowhere has this increase been more marked than in institutions, esp¢ 
cially in those for infants and young children. Nothing in a hospital 
service is more discouraging than the development of such complications 
as acute nasopharyngitis and otitis, laryngitis, bronchitis and broncho 


pneumonia in children admitted for other diseases or for surgical 


opera 
tions. In fact, these infections have come to be almost as serious as the 
development of scarlet fever, measles or diphtheria, and often more diffi- 
cult to control because the source of infection and manner of spreading 
are less obvious. 

I had shared the opinion that for the increase in acute respiratory 
diseases influenza especially was largely responsible. In order to deter- 
mine what part this actually played in our respiratory infections, sys- 
tematic observations were begun in the Babies’ Hospital in December of 
1908 and continued through the following winter and spring, with 
some observations during the summer months for control. 

In working out this problem 1 have been fortunate in having the 
assistance of our pathologist, Dr. Martha Wollstein, who for several years 


* Read at a meeting of the American Pediatric Society at Lenox, Mass., May 


27, 1909. 
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has devoted much time to the study of the bacillus of influenza and allied 
organisms. This fact is a sufficient guarantee of the accuracy of the 
bacteriological part of this report. I desire also to express my obliga- 
tions to Dr. Josephine Hemenway for valuable assistance in carrying out 
this investigation. 

Realizing the vagueness with which the term “influenza” is used, we 
endeavored to discover how much real influenza existed which could be 
demonstrated by cultures, accepting nothing as of diagnostic value except 
the presence of Pfeiffer’s bacillus. 


CLINICAL OBSERVATIONS 


We began by making cultures from all suspicious cases, i. e., those of 
patients with moderate or severe catarrhal inflammation of the upper 
and lower respiratory tract, and cases with high temperature without 
obvious explanation. Later this was extended to cover all respiratory 
catarrhs and all cases of pneumonia, empyema, otitis and all febrile cases 
of doubtful diagnosis, particularly those developing in the wards. At 
times cultures were taken from all the patients of certain wards, also 
from caretakers, nurses and physicians who were in contact with the 
children. Finally, cultures were made from the lungs and heart’s blood 
at all autopsies whether influenza was suspected or not. It is scarcely 
necessary to state that the bacillus of influenza grows only on a medium 
containing hemoglobin, that of the rabbit’s blood being found to be most 
convenient. Blood-agar plates were used for all our cultures, 

It developed in the course of these observations that success depended 
in no small! degree on the manner of taking the cultures. It was found 
that the bacilli were often difficult to obtain unless bronchial secretion 
could be secured. The cultures made, therefore, are to be regarded as 
sputum cultures rather than simple throat cultures. It was not always 
easy to secure sputum from the infants who composed most of our 
patients, but by following the plan pursued at the hospital for obtaining 
tuberculous sputum results were much improved. The child was made 
to cough by irritating its pharynx with a bit of gauze or cotton in the 
jaws of an artery clamp, and any secretion brought into view was secured 
on this swab. Not all children could be made to cough well, which 
explains some negative results in positive cases. 

I have to report on observations made on thirty-six nurses, four 
physicians and about 250 children, repeated cultures having been taken 
from many of the persons. In addition to these observations on patients, 
cultures were made from the lungs and heart’s blood in fifty-nine con- 


secutive autopsies. 
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In the records of throat cultures no account has been taken of the 
Micrococcus catarrhalis, since this was found to be present in practically 
every child examined whether symptoms existed or not, and at first no 
account also of the staphylococcus. 

The streptococcus was noted when present and also the pneumococcus 
in the first few cases the latter was noted only when present in consider 
able numbers, but in the latter part of the season—including nearly three 
fourths of the cases—the presence of the pneumococcus was noted in every 
instance in which it was observed. 

The B. influenza was discovered by cultures in eighty-five persons, of 
whom forty-two were suspected of having influenza and forty-three were 
not, fifteen of the latter being nurses or physicians who were in intimate 
contact with patients. 

A suspicion of influenza in the forty-two cases rested on the following 


symptoms: 


Obscure high temperature with few or no catarrhal symptoms 12 
High and widely fluctuating temperature with or without pneumonia 7 
Acute catarrhal symptoms with fever 3 
Acute catarrhal symptoms with little or no fever 8 
Severe catarrhal symptoms, protracted or recurring 9 
Protracted bronchopneumonia 3 


In the forty-three non-suspected cases in which the Bacu/us influenza 


was found the clinical condition of the subjects examined was as follows: 


No symptoms (routine cultures), of which 15 were nurses 19 
Moderate bronchitis, young infants exposed to influenza 7 


Cypical pneumonia with high temperature (one had crisis 3 
Empyema (one staphylococcus and one pneumococcus ) 2 
Nurses with slight cough and pharyngitis ? 

lo 


Various others 


In the beginning we made many mistakes, expecting to find the B. 
influenze in cases of acute nasopharyngeal catarrh, but it was not found 


in a single one of five such cases developing in the wards, nor was the 


pneumococcus found, 


Of 47 cases of acute bronchitis or pneumonia occurring in the winte 


or spring months the B. influenza was found by cultures in 63 per cent. ; 
some of these patients were adn tted with the disease and others devel- 
the 


oped it in the wards. I shall refer again to the clinical features o 
influenza infections. 
At this season, of 113 persons giving negative influenza cultures 


sixteen were suspected and ninety-seven were not: forty-three of the lat- 


ter being routine cultures taken from persons in no way ill. It is of some 
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interest that in two of the suspected cases giving negative cultures dur- 
ing life, the autopsy showed the B. tnfluenze in the lungs. 

It is, I think, very significant that, while positive influenza cultures 
were frequently obtained through April and the early part of May, with 
the advent of warm weather this organism disappeared entirely from our 
patients. Cultures were made from twenty-seven persons in the latter 
part of May and through the month of June, and but once (this in the 
person of a nurse who had it many times before) was the B. influenzae 
found after May 20, though in some of these patients or nurses it had 
been regularly found during the previous weeks. 

The association of the pneumococcus with both positive and negative 
influenza cultures is interesting. In the winter and spring observations 
of the patients giving positive influenza cultures, the pneumococcus was 
present in 48 per cent. Of the persons giving negative influenza cultures 
the pneumococcus was present in 27 per cent. Of the 74 cases of acute 
bronchitis and pneumonia seen at this season, 46 per cent. showed the 
pneumococcus and 54 per cent. did not; of those same 74 cases it will be 
recalled that 63 per cent. had influenza and 37 did not. Although the 
B. influenza disappeared with the advent of warm weather, pneumococcus 
infections persisted. Of twenty-seven June cultures it was present in 
ten; five of these were cases of pneumonia and five patients had no bron- 
chial or pulmonary symptoms, though one developed pneumonia a few 
days later. Not only were pneumococcus infections seen in the respira- 
tory tract, but several cases of pneumococcus ophthalmia occurred in the 
hospital during the summer. Our influenza, then, was limited to winter 
and spring, but pneumococcus infections persisted throughout the year. 

Influenza and otitis are so often associated in the mind of the clini- 
cian that the bacteriological findings possess some interest. During the 
winter and spring season, cultures were made twenty-nine times after 
fresh paracentesis in cases of acute otitis. The staphylococcus was found 
twenty-five times ; the pneumococcus, nine times ; streptococcus, once, and 
the B. influenze in not a single instance. Yet in throat cultures made 
from the same patients, fifteen of the twenty-nine showed the B. influenza 
and three showed the pneumococcus. This result is to be taken in con- 
nection with the findings in the cases of acute nasopharyngitis, in which 
also no B. influenzae were found. These suggest that the relation of 
influenza to these complications resembles that of measles, in that it 
furnishes conditions in which the micro-organisms commonly present in 
In not 


these cavities become active and excite inflammation. one of five 
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cases of acute retropharyngeal abscess was the B. influenza found either 
in the throat or the pus; these cases showed staphylococcus or strepto 
coccus. 

POST-MORTEM OBSERVATIONS 


Cultures were made from the lungs and heart’s blood in fifty-nine 
consecutive autopsies. Forty-seven were made in the winter and spring 
and twelve in the early summer. It is important to consider the two 
groups separately. In the winter and spring cases the B. influenza was 
found in seventeen ; twelve of these gave positive influenza cultures dur- 
ing life, two gave negative cultures, though influenza was suspected from 
the clinical symptoms, and in three no cultures were taken. Of the 
seventeen cases in which influenza was found, eleven were cases of acute 
bronchitis or acute bronchopneumonia; two were terminal pneumonia 
following marasmus; three were pulmonary tuberculosis and one only 
was non-pulmonary. As in cultures made during life, the pneumococcus 
was found less frequently, i. e., in only thirteen of the forty-seven cases ; 
six of these were acute bronchitis or bronchopneumonia, one a terminal 
pneumonia with marasmus, two pulmonary tuberculosis, and four non- 
pulmonary cases. Considering only the sixteen cases of acute bronchitis 
and bronchopneumonia which came to autopsy, the B. influenza was 
present in eleven and the pneumococcus in only six. In two cases of 
acute bronchopneumonia there was no growth from the lungs; in three 
cases neither the B. influenze nor the pneumococcus was present. but onl) 
the staphylococcus. Of special interest is one case in which a pur 
growth of the B. influenze was obtained from the lungs, and another case 
in which a pure growth of this organism was obtained from a serofibrin- 
ous pleural exudate. 

Of the twelve autopsies made in early summer, the B. inflenzw@ was 
found in none; the pneumococcus in six, four of those obtained. In four 
staphylococci were present. The part plaved by the streptococcus 1n this 
series of pneumonia cases was not great. It was found in four cases only, 


never as the sole organism. 


THE VALUE OF CULTURES FOR DIAGNOSIS 


The question naturally arises, how much value can. be attached to cu 
tures for the diagnosis of influenza. Some idea may be gained from our 
experience. Of fifty-eight persons suspected to be suffering from influ 
enza, the throat cultures were positive in forty-two and negative in six 


teen; but in two of these negative cases the organism was obtained from 


the lungs at autopsy. On the other hand, of 185 persons—patients or 
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inmates of the hospital—not suspected, the cultures were negative in 142 
and positive in 43, 15 of the latter being nurses. There were only eleven 
persons from whom the first cultures were negative and later ones posi- 
tive. Three of these gave two negative cultures before a positive one was 
obtained. The significance of these facts is lessened by the knowledge 
that the cultures were separated by some time, usually one to two weeks, 
so that it is perhaps quite as likely that a later infection occurred, as that 
the organism had been previously present but missed. 

The proportion of positive throat cultures in suspected cases, 73 per 
cent., is, I think, sufficiently large to warrant one in attaching consider- 
able importance to these results. Early in our observations we classed as 
“suspected,” cases of acute nasopharyngitis; later experience proved this 
to be an error. Excluding these would raise our proportion of positive 
results to 80 per cent. While one cannot regard a single negative culture 
as having the same significance as a negative culture from a throat in 
suspected diphtheria, two or three negative cultures, if properly taken, 
can in most cases be depended on. Negative results in influenza are more 
reliable than are negative examinations for tubercle bacilli from sputum, 
since it is easier to demonstrate the B. influenze by cultures than it is to 
discover the tubercle bacilli by staining smears. 


THE SIGNIFICANCE OF THE BACTERIOLOGICAL FINDINGS 


We have deferred until now a consideration of the important ques- 
tion which might very properly have been taken up at the outset, viz. : 
What significance has the presence of the B. influenze in the pharyngeal 
or bronchial secretions of persons suffering from acute febrile or catarrhal 
symptoms, or in apparently healthy persons in whom no such symptoms 
exist? When present with symptoms, is it fair to assume that it bears 
a causal relation to them? Is the B. influenze in these cases the specific 
pathogenic organism, or only one of an associated group which together 
cause the familiar symptom-complex ? 

That the B. influenzae is pathogenic is, I think, now generally admit- 
ted, and I may say that so far as these observations go they show quite as 
much for the B. influenza as they do for the pneumococcus. It is granted 
that in most of these cases we are dealing with mixed infections; but I 
would call especial attention to two cases which came to autopsy, one of 
which showed a pure culture of the B. influenze in a serofibrinous pleural 
exudate, and in the other a pure growth of the same organism was 
obtained from a pneumonic lung. No blood-cultures were made during 
life. In no case in this series of 59 autopsies was the B. influenza 
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obtained from cultures made at autopsy from the heart’s blood.’ No 
case of meningitis was seen in which it was the sole organism, though a 
number of such cases have been reported to have occurred in Mount 
Sinai Hospital in New York and it has been found several times in the 
cerebrospinal fluid sent to the Rockefeller Institute, from cases suspected 
to be epidemic meningitis. 

My own belief is that infection with the B. influenza plays at the 
present time a very important part in acute inflammations of the respira 
tory tract, especially bronchitis and pneumonia. According to these 
observations it apparently plays at certain seasons a more important part 
than the pneumococcus. The cultures indicate that the B. influenza and 
the pneumococcus are associated in a very large number of patients. | 
believe that this mixed infection of influenza with the pneumococcus has 
greatly modified the clinical course of our acute pneumonias as we see 
them to-day. The clinical picture may be determined in one case by a 


influenza, in another by a predominance of pneumo- 


predominance 0 
coccus infection. It may be difficult, and perhaps, in most cases, impos- 
sible to separate the two factors. But that there is such a pathogenic and 
clinical entity as influenza from our experience seems certain. 

With respect to apparently healthy persons whose bronchial or 
pharyngeal secretions contain the Bb. influenza, we are in exactly the 
same position as with persons who in a similar way harbor the pneumo- 
coccus. Who shall say that either is not a menace to those with whom 
such a person is thrown in close contact? Among persons examined in 
the course of these observations, there were found sixteen healthy per- 
sons whose secretions showed the B. influenza, often in pure culture and 
repeatedly ; fifteen of these were nurses. Of these sixteen persons, eight 
showed also the pneumococcus and four had diphtheria bacilli. One nurse 
gave positive influenza cultures on April 30, May 5, 10, 12, 18 and 28, 
but later this organism was not found. In several of these examinations 
there was a pure growth. 

I confess | am strongly inclined to regard such persons as probable 
carriers of infection, to be treated accordingly. It is only by the recog- 
nition and removal of such obscure etiological factors that we shall suc- 
ceed in limiting house infections. This raises many practical questions 
regarding quarantine and isolation which with our present knowledge 
are difficult to answer. But our eyes should certainly be open to cases 
of this kind, which I believe to be a very real source of danger. 

Positive pneumococcus cultures without influenza were obtained in 


twenty apparently healthy persons, eleven being nurses; in many of 


1. This has, however, been found by us in one case since that time 
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them, repeatedly. In about half of the healthy inmates of the hospital 
examined in the winter months either the pneumococcus or the B. influ- 
enze was found, and in one-half neither was present. 


THE CLINICAL FEATURES OF INFLUENZA INFECTIONS 

These observations indicate that there is no single clinical type which 
we may always diagnosticate influenza; that it is not often the acute 
catarrhal symptoms of the upper respiratory tract, but certain constitu- 
tional and certain bronchopneumonic symptoms. The constitutional 
symptoms are often characterized by rather high and widely fluctuating 
temperature of a remittent or intermittent type, but without a correspond- 
ing amount of general prostration. The temperature seems to have no 
regular course; it may last only two or three days or may run as many 
weeks even without the development of inflammatory complications, 
which, however, are very prone to occur. 

The bronchopneumonic symptoms are sometimes early and apparently 
primary, but more often secondary and late. They are frequently severe 
and threatening, but of a very evanescent character. At other times they 
are protracted and tend to chronicity with frequent exacerbation of acute 
symptoms, indicating a persistence of the infection. This latter form is 
frequently seen in children of feeble resistance. 

There are other inflammations accompanying influenza which are to 
be regarded in the light of complications. A frequent one is otitis. In 
eighty-five persons giving positive influenza cultures there were seven- 
teen of acute otitis. It will be recalled that in no one of the twenty-nine 
cultures made after fresh paracentesis was the B. influenza found. It is 
easy to see, then, why this operation, while relieving the local inflamma- 
tion, not only does not cause the temperature to fall to normal, but may 
not affect the temperature at all. The operation has no effect on the 
general influenza infection. This is a point which those who regard a 
persistent elevated temperature after paracentesis has been done as a 
sign of mastoid disease, will do well to consider. I have with difficulty 
on several occasions restrained the aural surgeon from opening the mas- 
toid or excising the sinus or jugular vein—in no instance, I am happy 
to say, to the detriment of the patient. 

I have recently seen five cases of acute nephritis and rarely acute pye- 
litis as a complication of influenza, especially when persistent, occurring 
just as they might occur after scarlet fever or measles. 

The B. influenza being chiefly found in the lower respiratory tract, 


it is easy to see why gargles and mouth-washes proved so: unsatisfactory 
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as a means of getting rid of the organism from the secretions. When 


once firmly established in the bronchial mucous membrane it seems most 


difficult to get rid of it, especially in persons whose general condition is 
below par. This explains the resistant character of influenza attacks in 
such patients. also the recurrences when the disease is apparently at an 
end, and the marked influence of change of climate in curing these 
patients. In cases seen in the winter or spring in New York sometimes 
nothing but removal to a warm climate will break up these attacks, but it 
is surprising how quickly persons often recover when such a change is 
made. I once regarded these recurrences as reinfections from without, 
sometimes from the apartments or from other persons, but in the light of 
the culture findings my present belief is that such patients have neve 
become free of the organism from the bronchi and that these under favor- 
able conditions continue to excite relapses. 

These observations shed light on certain irregular features of acute 
bronchopneumonia, especially cases in which a high and widely fluctuat- 
ing temperature occurs. Persistent temperature may occur from influ 
enza infection without important signs in the chest or other evidences of 
local inflammation. A knowledge of these peculiarities of the tempera 
ture curve in influenza should make one very cautious in inferring that 
because a child with acute otitis, for instance, has a persistent and widely 
fluctuating temperature, such temperature, provided pneumonia can be 
excluded, depends on the ear condition or its complications, mastoiditis 
or sinus thrombosis. 

In the management of the protracted cases nothing can be wors 
than crowding and the confinement in close rooms or wards. Fresh ati 
in abundance is indispensable. Regarding the effect of the very cold 
air in hospital wards for such patients, I am not quite so sure. If it can 
be secured without exciting fresh catarrhal attacks it may be desirable, 
but this risk is considerable. The extreme susceptibility of these patients 


should be remembered, and I have in several instances seen an attack o 
pneumonia which seemed to be traceable to such an exposure in cold-air 
treatment. Cold wards are. I believe, of much greater value in prevent 


ing these respiratory Intections irom gaining a foothold than in eur 


them when once established. 
CONCLUSIONS 


1. The use of the term influenza should be limited to an inflamma 
tion or infection excited by Pfeiffer’s bacillus. 


2. It is of great importance in all infections of the lower respiratory 


tract. especially during the cold weather. 
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3. It has very much less to do with acute nasopharyngeal catarrhs 





ind their complications, otitis, adenitis, ete. 


i !. It may cause severe general symptoms with few or no local symp- 
toms, even of the respiratory tract; but general blood infection with this 


organism 1s very rare. 





5. While in most patients the influenza infection causes acute symp- 
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toms only, recurrences are exceedingly common, and in some patients the 


attacks are prolonged, persisting for months. 


ee 
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6. The B. influenza may be harbored in the secretions of apparently 


healthy persons for a considerable period, certainly for several weeks; 


oe 
ee 


whether such persons may spread the disease is not yet determined. 





7. If properly made, cultures are of great value for diagnosis, but the 
onchial secretion should be secured. 
The foregoing is to be regarded as a preliminary report, as the study 
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i} definite conclusions can be reached. 
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A MODIFIED METHOD FOR THE CLINICAL ESTIMATION OF 
PEPSIN * 


WILLIAM C. ROSE 


NEW HAVEN, CONN 


In the chemical examination of stomach contents attention has lately 
been directed anew to the estimation of the enzyme content of the gastric 
secretion, and a number of relatively simple methods of analysis have 
been proposed. Among these are the methods of Volhard,’ Fuld and 
Levison,? Gross,* and Jacoby and Solms.* The Jacoby-Solms procedure 
appears to offer the greatest advantages, and has received favorable con- 
sideration for clinical purposes in this country from Goodman® and 
Einhorn.® and abroad from Witte? and others. The method involves the 
preparation of an imperfect solution of commercial “ricin” (prepared 
from the castor bean). This fluid is rendered more turbid by addition of 
a small amount of aw.. Diluted gastric contents are added in varving 
quantity to a series of test-tubes containing the same volume of the 
turbid ricin solution; and after the total volumes of fluid are made alike 
in all the tubes they are allowed to stand in an incubator for three hours.* 
At the end of this time one examines the tubes to ascertain with what 
dilution the cloudy solution has cleared up, 1. e., in which tube the sus- 
pended protein has just been completely dissolved by the enzyme present. 
The pepsin content of 1 c.c. of gastric juice which, in a dilution of 1 to 
100, is just capable of carrying out the reaction as outlined, is expressed 
as 100 pepsin units. On this basis the enzyme content of variously 


diluted gastric contents can be calculated. 





From the Sheffield Laboratory of Physiological Chemistry, Yale University 
l. Volhard: Miinchen, med. Wehnschr., 1903, L, 2129. 
2. Fuld and Levison: Biochem. Ztschr., 1907, vi, 473. 
3. Gross: serl. klin. Wehnschr., 1908, xlv, 643 
4. Solms: Ztschr. f. klin. Med., 1907, Ixiv, 159 
5. Goodman: Am. Jour. Med. Sc., 1908, exxxvi, 734 
6. Einhorn: Berl. klin. Wehnschr., 1908, xlv, 1567: New York Med. Ree 
1908, Ixxiv, 351. 
7. Witte: ser]. klin. Wehnschr., 1907, xliv, 1338 
8. Einhorn ( Berl. klin. Wehnschr., 1908, xlv, 1567; New York Med. Ree., 1908, 
Ixxiv, 1338) uses a glass vacuum bottle instead of a thermostat for heating the 
sts. The vacuum bottle contains twelve graduated pepsin tubes showing 


rks at 2 c.c.. 3 cc... and 3.5 ex By this means he dispenses with pipettes 
- I Ply 


Lhe whole apparatus is filled with water having a temperature of 50 or 60 C., well 
corked, and digestion allowed to continue for thirty minutes 
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In principle the process really consists in obtaining a saline extract 
of the crude “ricin,” containing sufficient globulin to yield an incipient 
protein precipitation on addition of very small quantities of acid. This 


behavior is in no way specifically characteristic of the proteins of the 
castor bean (Ricinus). The precipitation of most seed proteins by acid 
depends largely on the presence of inorganic salts in their solutions.° 
The selection of the so-called ricin for the pepsin test is an unfortunate 
one. The commercial product is not always readily available, although 
Jacoby has suggested a source of supply in Berlin. The purchasable 
preparations are crude mixtures of varying and inconstant make-up, 
containing considerable insoluble denatured protein (probably proteans). 
But the most serious objection lies in the extreme toxicity of castor bean 
products. This is shown in the studies of Osborne, Mendel, and Harris*® 
with the purified protein ricin isolated by them from Ricinus seeds. 
Fractions of a milligram of pure ricin will kill a rabbit, and the neces- 
sity for care in handling such a product has not been properly empha- 
sized. 

Furthermore, true ricin is an albumin, as the researches mentioned 
have shown; and proteins of the globulin type are better adapted for the 
preparation of cloudy solutions. Indeed, the Jacoby-Solms reaction with 
castor bean proteins should properly receive some designation other than 
the “ricin test.” 

A globulin preparation well adapted for the purpose of the Jacoby 
test can be made cheaply from the ordinary garden pea, Pisum sativum, 
as follows: The finely ground peas, freed as much as possible from the 
outer coating, are repeatedly extracted with large quantities of 10 per 
cent. sodium chlorid solution, the extracts combined, strained through 
fine bolting-cloth, and allowed to stand over night in large cylinders to 
deposit insoluble matter. The supernatant fluid is siphoned off and 
saturated with ammonium sulphate. The precipitate of albumins and 
globulins is filtered off, suspended in a little water, and dialyzed in run- 
ning water for three days, until the salt has been removed, and the albu- 
mins have been dissolved. The globulins are filtered off and washed two 
or three times with water to remove the last trace of albumins. To 
purify further, the precipitate is extracted with 10 per cent. sodium 
chlorid solution, and filtered until perfectly clear. The resulting solu- 
tion is exactly neutralized to litmus paper by the cautious addition of 
dilute sodium hydroxid, and again dialyzed in running water for three 


9. Cf. Osborne: The Vegetable Proteins, 1909. 
10. Osborne, Mendel, and Harris: Am. Jour. Physiol., 1905, xiv, 259. ¢ 
also B. W. McFarland: Yale Med. Jour., 1910, xvi, 379. 
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days to remove the salts completely. The precipitated globulins are then 
filtered off, and dried on a water-bath at 40 C. During the complete 
process of separation the proteins should be preserved with a mixture of 
alcoholic thymol and toluene. The globulins so prepared dissolve prac- 
tically completely in 10 per cent. sodium chlorid solution, and after 
slight acidification with hydrochloric acid yield a turbid solution, which 
does not settle out on standing. 

Since in the Jacoby-Solms method the stomach contents are not neu- 
tralized, the estimations are not made under like conditions of acidity. 
It was thought advisable, therefore, to modify the method in this respect 
also, and to make all! digestions in a solution whose total acidity is 0.2 
per cent. of hydrochloric acid. By this means one determines not the 
digestive power of the gastric fluid, but the relative amount of pepsin 
present. The necessity of knowing whether or not the gastric juice in 


question is normal in respect to acid before diluting is also avoided. 


METHOD 


The complete method as modified follows: 0.25 gm. globulin of the 
pea, prepared as described above. 1s dissolved in 100 ec.c. of 10 per cent. 


sodium chlorid solution (by warming slightly 


if necessary) and filtered." 
Portions of the clear filtrate of 1 c.c. each are introduced into a series of 
eleven small test-tubes about 1 cm. in diameter. To each tube is added 1 
c.c. of 0.6 per cent. hydrochloric acid, and about five minutes are allowed 
for the development of the turbidity. A measured volume of the stom- 
ach contents is then exactly neutralized to litmus paper with dilute alkali. 
If a precipitate of acid protein forms, this is filtered off, and the cleat 
neutral solution is diluted a known number of times (usually five) with 
distilled water, allowance being made for the dilution of neutralization. 
A portion of the diluted juice is boiled and filtered, and amounts decreas 
ing by 0.1 c.c. added to the tubes of turbid protein: to the first, 1.0 c.c.: 
to the second, 0.9 c.c.: to the third, 0.8 ¢.c., and so on to the eleventh. to 
which none is added. The unboiled juice is then rapidly added in 
increasing amounts as follows: to the first, none: to the second, 0.1 ¢. 


to the third, 0.2 ¢.c.: to the fourth. 0.3 ¢.c.: to the fifth. 0.4 ¢.ec.: to the 


11. Such a solution will keep perfectly well for two months if covered with a 


thin layer of toluene At the end of that time, acidification produces no more 
turbidity than when freshly prepared solutions are used. This avoids the objec 
tion raised against the Jacoby-Solms method by Farr and Goodman (Tut 
ARCHIVES INT. MEp., 1908, i, 648). These authors, while in general considering 


the method favorably, point out that solutions of commercial ricin which have 
been prepared for some time are rendered so much more turbid by the addition of 
acid that fresh solutions must always be employed 





























462 THE CLINICAL ESTIMATION OF PEPSIN 


sixth, 0.5 ¢.c.; to the seventh, 0.6 c.c.; to the eighth, 0.7 c.c.: to the 
ninth, 0.8 ¢.c.; to the tenth, 0.9 ¢.c., and to the eleventh, 1.0 ¢.c. Each 
of the tubes thus has a total volume of 3.0 c.c., and a total acidity of 0.2 
per cent. of hydrochloric acid, as shown in the following scheme: 


Tubes. 
0.25 % globulin solution, c.c 
0.6 % HCl, ce 
Boiled gastric juice, ¢.c......... 
Unboiled gastric juice, ¢.c....... 
Total volume, c.c 


Total acidity, % O.2 


The measurements of the solutions may be easily and accurately made 
with a pipette of 1 ¢.c. capacity, graduated to 0.01 c.c. The tubes are 
well shaken and allowed to stand in a thermostat or water-bath for fif- 
teen minutes at a temperature of 50 to 52 C. Exactly the same end- 
point is obtained by keeping the tubes at a temperature of 35 or 36 C. for 
one hour. At the end of the digestion time that tube in the series is 
selected which contains the least amount of gastric juice and which 
exhibits no turbidity. The peptic activity is calculated on the basis of 
the amount of gastric juice used in this tube. The enzyme content is 
expressed by the number of cubic centimeters of the 0.25 per cent. globu- 
lin solution that would be digested by 1 cubic centimeter of the undiluted 
gastric juice under examination, if the activity were exerted for a period 
of one hour at 35 or 36 C., or for fifteen minutes at 50 or 52 C. For 
example, if 0.5 c.c. of a gastric juice diluted five times clears up one cubic 
centimeter of the 0.25 per cent. globulin solution in fifteen minutes at 
the given temperature, the activity of the solution would be expressed : 


Peptic activity = (1 + 0.5) X 5= 10. 


For clinical purposes it suffices to use the scale of pepsin units here 


proposed, which gives figures about one-tenth of those expressed on the 
Jacoby-Solms scale. Lately it has been found that six tubes ordinarily 


afford a range of trial which suffices for all diagnostic purposes. 
SCHEME OF SIX TUBES 
Tubes. 
0.25 % globulin solution, c.c 
0.6 % HCl, c.c... 
Boiled gastric juice, c.c.. 
Unboiled gastric juice, 
Total volume, c.c 


Total acidity, 
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In the above method the conditions are constant in every trial, in 
respect to acidity, volume, protein content, and temperature. One deter- 
mines the proteolytic activity of the gastric filtrate independently of th 
variations in acidity. Thus an additional variable of the original 
Jacoby-Solms procedure is eliminated. Goodman® concludes from a 
limited number of observations that uniform acidity makes no difference 
in the final result. Using the method here proposed, I am unable to 
accept these conclusions. Several series of tests showed that, while varia- 
tions within the normal range of acidity produced no difference in the 
final results, large decreases, such as occur pathologically, have a marked 
influence on the rapidity with which the turbid solutions are cleared. 
The results of two typical series of tests, one made with artificially pré 
pared gastric juice, and the other with normal human gastric juice, are 
shown in Table 1. 


TABLE 1 TESTS WITH HUMAN AND ARTIFICIAL GASTRIC JUICI 


Artificial Gastric Juice Human Gastric Juice 
Acidity Pepsin Content Acidity Pepsin Content 
0.4 % HCl 0.4 Hel 10 
0.2 % HCl 14 0.2 Hel iD 
0.1 % HCl 14 0.1 % We 10 
0.05 % HCl 18 0.05 % Hel 15 


It will be seen that the enzyme content is expressed by much large 
numbers when the total aciditv is 0.05 pel cent. of hydrochloric acid 
than when it is 0.2 per cent. This is not due to greater activity of the 
pepsin under such conditions, but to the decreased turbidity of the globu 
lin solution, resulting from the decreased acidity. Less enzymolysis is 
necessary for the clearing of the solution, since the cloudiness is so much 
less intense. When the acidity is further decreased, the loss in peptic 
activity far overbalances the loss in turbidity, with the result that much 
smaller figures are obtained. 

In the Jacoby-Solms method the total acidity in the tubes is fre- 
quently as low as 0.05 per cent. of hydrochloric acid. In many pathologi 
cal conditions, such as pernicious anemia, gastric carcinoma, gastric dis- 
eases of children, etc., the a idity is practically or absolutely mi/l.'* If 
the unmodified ricin method is employed in such cases, the acidity in the 
tests will be only that resulting from the addition of the 0.5 ¢.c. of tenth- 
normal hydrochloric acid, used to render the protein solutions turbid. 
Errors in analysis will then probably occur. Indeed, Witte’ found, using 


12. See Willeox (Quart. Jour Med., 1909, iii, 93-106). for a review of the liter 


ature on acidity of the gastric juice in various diseases 
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the Jacoby procedure, that the enzyme activity was much reduced by 
neutralizing the samples of stomach contents before making the deter- 
minations. Nirenstein and Schiff** and Roth,** in studying the com- 
position of the gastric secretion under various conditions with the Mett 


method, also recognized the importance of the hydrochloric acid content 
on the enzymatic activity. They state that for comparable results all 
estimations must be made under like conditions of acidity. 


TABLE 2.—-RESULTS OF ANALYSIS MADE BY PROPOSED MODIFICATION 


Peptic 
Sample Diagnosis Activity Remarks. 


1 Normal. 10 
Normal. 10 
Normal 
Normal. 
Normal! 
Practically normal 
Practically normal 
Practically norma! 
Practically normal 
Constipation Acidity very low 
Hy poacidity 
Nervous hypoacidity 
Nervous hypoacidity 
Hyperacidity 
Gastritis. No free hydrochloric acid 
Neurasthenia Very low acidity 
Neurasthenia No free hydrochloric ack 
Gastric ulcer 4 Very high acidity 
Uleer of duodenum High acidity 
Gall-stones 
*Gastric carcinoma 
Gastric carcinoma Young man, 26 years old 
*Gastric carcinoma Trace No free HC! Rennin-negative 
Gastric carcinoma 
*Carcinoma of intestine 3 Young woman, 24 years old No 


free HCl 
Carcinoma of esophagus 
*Cancer of the rectum 
*Cancer of the breast 2 Total acidity, 42 
* Diagnosis verified by operation 
13. Nirenstein and Schiff: Arch. f. Verdauungskr., 1902, viii, 559 
14. Roth: Ztschr. f. klin. Med., 1900, xxxix, 1. 
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FURTHER STUDIES ON THE INFLUENCE OF THE 
DUCTLESS GLANDS ON THE PANCREAS * 


RALPH PEMBERTON, M.D., ano J. E. SWEET, M.D. 
PHILADELPHIA 


In some recent contributions' we published the results of investiga- 
tion, extending over about two years, on pancreatic activity, which led to 
the following, among other, conclusions: 

The suprarenal and pituitary bodies of dogs contain something 
which, on injection into other dogs, inhibits the flow from the pancreas 
when excited by secretin. This inhibitory substance can be extracted by 
salt solution and has been found as yet in no other tissue of the body. 

Inhibition occurs whether the extracts be injected before, coincidently 
with, or after the injection of secretin, and we ventured the tentative 
view that it was independent of the general blood-pressure. 

Our method of recording the flow from the pancreas is by means of a 
graduated cannula in the duct of Wirsung. As the juice flows past the 
divisions on the cannula its motion is recorded on the base line of a 
revolving drum supplied with a so-called endless roll of paper. Coinci- 
dent tracings are taken of blood-pressure, respiration, and time in seconds. 
( Details of technic are given in the papers cited in Note 1.) 

We have this year extended our observations and have found beyond 
question that the inhibition of the pancreatic flow seen after adrenalin, 
at least, is independent of the systemic rise in blood-pressure. Edmunds* 
has recently repeated some of our work, has obtained the same general 
results, and ascribes the inhibition solely to the rise of pressure. We 
have many records in which, after an inhibition injection of adre- 
nalin, the blood-pressure has been made to fall by an exciting dose of 


secretin to below its normal level, and yet no adequate response has been 


* Reported before the Association of American Physicians, Washington, D. C., 
May 12, 1909. 

* From the Woodward Fellowship of Physiological Chemistry, Pepper Labora- 
tory of Clinical Medicine, and the S. Weir Mitchell Laboratory of Physiology, Uni- 
versity of Pennsylvania. 

1. Pemberton, Ralph, and Sweet, J. E.: The Inhibition of Pancreatic Activity 
by Extracts of Suprarenal and Pituitary Bodies, Tue Arcuives Int. MEb., 1908, 
i, 628, and ii, 295. 

2. Edmunds: The Antagonism of the Adrenal Gland Against the Pancreas, 
Jour. Pharmacol. Exper. Therap., 1909, i, 135. 











RALPH PEMBERTON—/. EB. SWEET 407 


obtained, even following a second or third injection. In other words, the 


inhibition may persist a variable time, though the systemic bli od-pressure 


has fallen to normal or considerably below. In all such experimentation 


it is evident that a certain balance between the amounts of the two fae- 


tors must be found and maintained. A very large amount of secretin, 
relative to the amount of adrenalin, may completely mask the inhibition 
exhibited by the latter under the conditions of a balanced experiment 
Making use of disproportionate quantities, it is frequently possible to 
obtain, even with a moderate amount of secretin, an active pancreatic 
flow when the blood-pressure is raised to its maximum by adrenalin 
(Fig. 1). Also transfusion of the blood of a healthy dog modifies not at 
all the flow from the pancreas, even though the vascular system be 


rise by that means, as will be noted 


engorged and the pressure made t 
again later. 


] 
) 


ur own manufacture and 


Furthermore, in using preparations of 
comparing them with a commercial standard, we have noticed that solu- 
tions of suprarenal extract which raise the general blood-pressure to 
identical heights may exercise differing effects on the pancreas, suggesting 
that there is some factor at stake other than the rise of blood-pressure 
Certain extraneous substances, as nicotin, may produce somewhat similar 
results; but the point of importance in this connection is that the body 
itself should contain agents of this nature. The exact modus operandi 
and the variety of extraneous factors which can so operate are manifestly 
of importance secondary to establishing the fact that such an interglan- 
dular correlation of action exists. We shall refer to this later. 

As a further extension of our studies we investigated the question of 
whether the inhibition from adrenalin and the pituitary extracts also 
occurs when the pancreas is excited by means other than secretin. We 
have yet to try in this connection the effects of the suprarenal and the 
pituitary extract after stimulation of the pancreas by gastric chyme 
obtained from a fistula in an otherwise sound dog; but, whatever the 
result of this may be, it is clear that these inhibitory agents exercise the 
same influence on the flow which follows the introduction into the duo- 
denum of hydrochloric acid as on that following secretin. (It is unnec- 
essary to repeat here the details of our technic in establishing and meas- 
uring the flow of pancreatic juice and its inhibition. They are essentially 
as given in our past contributions on this topic.*»*) Under the conditions 
of stimulation by hydrochloric acid, the glandular activity is longer con- 


3. Sweet, J. Edwin, and Pemberton, Ralph: Experimental Observations on 
Secretion with Special Reference to Diabetes and Malnutrition, THe ARcHIvE 
Int. MEp., 1908, i, 231. 
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example, that adrenalin actually antagonizes the inhibitor action ol 
atropin on the secretol glands Of the skin and so tar talis to 1n it 
activity that the atropin administered can be detected In an increased 
secretion. 

After investigating some ¢ the tactors which may produce inhib ! 
of pancreatic secretion, lmunds considers stimulation of the splat 
nics and says: 

rhe result produced (by stimulation of the splanchnics) was a great increase 
in the blood-pressure and inhibition of the secretion The changes were almost 
same as those brought about by asphyxia in that the effect comes on more slow 
than with the drugs, ar is not neat s mplete, even when the blood-pressut 
may be raised to an equal extent n one instance there was very little retar 
but In every other trial, if the period of stimulation was continued more t) 
minute, the rate of secretion was reduced from 25 to 50 per cent 

If the inhibition is due merely » change in the circulation, one point which is 
not quite clear is that, although the blood-pressure may be raised to the san 


height by chemical action or by nerve stimulation, yet the inhibition which is pre 
duced by adrenalin or by nicotin is very much more complete than that produce 


through asphyxia or electrical stimulation rhe most reasonable explanation 





which suggests itself is that the two drugs may cause more constriction of the 
vessels of the pancreas than does splanchnic stimulation and thus greater anemia 


results from their use 


with inhibition and savs that the effect ( nhibition) comes on moré 


slowly than with drugs and is not nearly so complete, even when the 
blood-pressure is raised to an equal extent. This has been exactly our 
experience, that agents wit s il ower ¢ raising blood-pressure do 


1 


not necessarily exercise the same amount of inhibition: and such an 


Furthermore. he records instances of inhibition which we have not 
felt were quite wort! ot consideration as such. When we have spoken 
il have meant a definite and unmistakable de rease, 


which there could ot ‘ 


the slightest doubt whatever. Such cannot be said of instances in whi 


“the rate of secretion was reduced from 25 to 50 per cent.,” and 
tracing* advanced in support of this as an example of inhibition shows 


such a trifling decrease that there seems to be ground for question as to 
whether it exists at a Such a record is hard comparable to the 
prompt, marked and vigorous inhibition caused by adrenalin or pituitary 


4. Tracing 4, on page 146 
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extract, not to mention the almost total lack of flow which occasionally 
succeeds this even after repeated injection of secretin; furthermore, the 
recorded inhibition was of a leisurely secretion compared with the active 
responses which we have discussed. And then, again, to assume, as 
in the last paragraph, that “the two drugs, adrenalin and nicotin, may 
cause more constriction of the vessels of the pancreas than does splanchnic 
stimulation and thus greater anemia results from their use,” merely 
advances another hypothesis and directs attention to the very phenomenon 
which we have elsewhere previously noted. 

It is desirable to emphasize, since the opposite contention has been 
imputed to us, that nowhere have we denied that inhibition of the pan- 
creas by adrenalin may be caused by a local change in blood-pressure at 
that organ. Our conclusions were that such inhibition was independent 
of the general blood-pressure, which we still maintain. We are person- 
ally prepared to believe that the former may conceivably be the case, 
though this has not vet been shown. Incidentally the action of adrenalin 
so varies on different structures, increasing skin secretion while it inhib- 
its salivary, for example, that no dependable analogy can be drawn from 
its action on any particular part. It is manifestly unreasonable, as we 
elsewhere pointed out,® to compare the effect of a systemic injection of a 
small dose of adrenalin into the jugular, with the direct application of it 
to the surface of the gland, a comparison that has been made in consid- 
ering the pros and cons of the question. 

In defense of the hypothesis of inhibition by blood-pressure alone it 
seems that we have but two alternatives, viz.: 

1. The theory that the injection of adrenalin so injures the tissue of 
the panczeas by the vasoconstriction that no glandular activity is possible 
(though it returns later), even when the system as a whele has plainly 
xecovered. 

2. The hypothesis that, although the general systemic blood-pressure 
has been made to fall to its minimum by exciting doses of secretin, 
nevertheless the blood-vessels of the pancreas are constricted to their 
utmost, and the local blood-pressure at the same time maintained at 
practically its maximum. Either of these hypotheses alone fails to bring 
conviction from the data now at hand, and the latter is tantamount to 
assuming a specificity. The nervous control of the blood-vessels which 
supply the pancreas is probably definite and delicate and susceptible to 
influence by a variety of factors. The atmosphere is not well cleared, 
however, by throwing on this mechanism the discriminating burden of 


affecting differently the external secretion of the gland, according as one 


5. Tue Arcuives INT. MeEp., 1908, i, 628. 
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or another agent is used to raise the blood-pressure, especial 


y when eac h 


agent has apparently identical vasomotor effects, and is followed by the 
same apparent rise of blood-pressure. 

Again, in his conclusions, Edmunds says: “The action of adrenalin 
in inhibiting the pancreatic secretion cannot be considered in any sense as 
specific.” We have never asserted that it is absolutely specific, but there 
has been no evidence adduced, nevertheless, that it is not specific. That 
nicotin should produce inhibition no more concerns the question of spe- 
cifity than does trauma by violence from without. The healthy body 
does not contain nicotin and it does contain adrenals. If it can be shown 
that extracts of tissues other than the adrenals or the pituitary gland can 
produce such inhibitory results, then just doubt of specificity can arise, 
but not until then. 

Even though inhibition be caused, for argument’s sake, by vasocon 
striction alone, the “specificity” of this action is at present in no way 
less evident. 

Edmunds himself finds that “the efficiency of the pancreas is prob- 
ably very closely connected with the blood-supply.” It is, therefore, hard 
to see how he can reject the possibility of some control over its activity 
by the adrenals, in view of the evident and conspicuous effect which they 
exercise experimentally and the important circulatory réle which they 
are known to fill in the economy. Furthermore, constantly accumulating 
evidence, much too voluminous to quote here, indicates almost without 
question a very intimate association of the two organs, and to view as 
accidental the phenomena under discussion is to turn away from the 
trend of evidence.® 

As indicated earlier in this paper, we have had under consideration 
for some time experiments bearing on certain possible relations of the 
pancreas to diabetes and, for the purpose to be mentioned presently, have 
produced experimenta: diabetes in a number of dogs by extirpation of 
the pancreas. All of the dogs so treated were kept under observation in 
a metabolism cage, pending the development of those symptoms of glvco 
suria, acidosis, emaciation, and so on, which usually follow. When the 
artificial diabetes was well pronounced the animals were killed and 
preparations of secretin made from the upper four feet of the small! intes- 
tine according to our usual technic. A weighed amount of intestinal 
scrapings was treated with a definite amount of 0.4 per cent. hydrochloric 


6. Since this article was written, a brief note, without details, has appeared 
(Science, 1909, xxxi, 237), stating that the inhibition of pancreatic activity is 
due to a vasoconstriction which may persist in the pancreas longer than does 
the general vasoconstriction elsewhere. If this be true, it would seem to substan 
tiate the idea of the specificity of action of the adrenals and the pituitary gland. 
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i2 THE DUCTLESS GLANDS AND THE PANCREAS 

acid and, at the same time, a control preparation made from a normal ani- 
mal just killed. The scrapings made from the normal animal were also 
weighed and treated with a proportionate amount of hydrochloric acid, 
so that the resulting solutions were of the same strength, weight for 
weight. Now a dog which has been rendered diabetic by extirpation of 
its pancreas bears no comparison physically, a week after the operation, 
to a sound dog of the same relative size. The former becomes greatly 


emaciated as a result of its diabetic processes, whether or not its appetit 
be good; te organs are the seat of secondary disease, as, for example, 
fatty degeneration of the liver; and al! the fat disappears in those cases 
in which the typical picture supervenes. The mesentery especially is lack- 
ing in its usual fat content, so that on stripping the entire bowel of its 
mesentery preparatory to scraping the mucosa it comes away cleanly and 
easily in contrast to that of a normal animal. On opening the intestine 
the mucosa is found surprisingly abundant and seems at times to be 
greater in amount, not only relatively but also actually, than that seen 
in the normal intestine. In such an animal we had in mind a lowered 
content or efficiency of prosecretin in the intestine, because of the con- 
ceivable preponderance of some suprarenal factor in the absence of the 
pancreas. Contrary, however, to what might be expected, the mucosa is 
abundant and it is easy to prepare secretin from it. The interesting 
feature in connection with such a preparation is that a solution so made 
up has stimulating powers fully equal to those from the intestine of a 
healthy dog, and, indeed, there is sometimes reason to believe that the 
latter are exceeded. Our responses from the pancreas after injection of 5 
or 10 c.c. of these solutions always showed an output of pancreatic juice 
as the result of the “diabetic” secretin, quite as prompt to begin, quite 
as violent in action, and quite as long continued as those following the 
normal solutions. Indeed, as mentioned above, they sometimes consider- 
ably surpassed the controls. 

From this we must conclude that, whereas, with the dog rendered 
diabetic by extirpation of its pancreas, the organism as a whole wastes 
visibly and there occur great loss of nitrogen, profound weakness and 
marked degenerative changes in the organs, nevertheless the intestinal 
mucosa remains apparently unaffected, “prosecretin” is as abundant as 
in health, and it would seem as though in the absence of the pancreas to 
utilize and destroy the secretin formed for its stimulation, a residue of 
the latter remained unused, perhaps in quantities greater than normal. 
We have made as yet no studies in this connection, on dogs the subject of 


other disease, although in a previous paper*® we pointed out that simple 


fasting for five days produced no diminution in the prosecretin of dogs. 
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rRACING (SEE FIG, 1), MADE APRIL 27, 1909, 


THE PANCREAS 


SHOWING RELATIVELY SLIGHT 


INHIBITION WITH DISPROPORTIONATELY HIGH RISE IN BLOOD- 
PRESSURE IN NORMAL DOG 


Interval Since 
Last Injection 


Min Sec Dosage c. Mm 
5 Secretin TH 

10 Secretin 

> Secretin 

10 Adrenalin 

5 Secretin 

» Secretin 

10 Secretin 

10 Adrenalin 

10 Secretin 

5 Adrenalin 

10 Seeretin 

10 Adrenalin 

10 Adrenalin 

10 Secretin 

5 Adrenalin 

10° Secretin 


10 Secretin 


Blood-Pressure 


Mm Respons¢ 
Slight. 
Very good. 
Good 
Very slight inhibition 
Very slight. 
Very slight 
Slight 
Inhibition 
Slight 
No inhibition 
Slight. 
No inhibition 
Inhibition 
Good, 
Slight inhibition 
Very Slight 


Slight 


rRACING (SEE FIG. 2), MADE APRIL 27, 1909, SHOWING INHIBITION WITH 


DISPROVPORTIONATELY SLIGHT RISE 


Interval Since 


Last Injection Blood-Pre 


Min Sec Dosage ¢. Mm 
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5 Secretin 

5 Adrenalin 
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5 Adrenalin 


OF BLOOL-PRESSURE 
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rRACING (SEE FIG. 3), 


MADE MARCH 7 


1009 
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RESPONSE TO SECRETIN IN DOG WITH MARKED TETANY 


Interval Since 
Last Injection 


Min Sec Dosage « 
5 Secretin 
12 40 5 Secretin 
1 15 5 Adrenalin 
6 . 5 Secretin 
13 45 5 Secretin 
1 40 5 Adrenalin 
7 5 Secretin 
11 30 5 Secretin 
1 50 5 Adrenalin 
14 ‘ 5 Secretin 
13 30 5 Secretin 
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1 55 5 Adrenalin 
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Interval Since 
Last Injection 


Min. Sec Dosage c.c 
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1 -0 10 Adrenalin 
” 20 10 Adrenalin 
50 10 Secretin 
9 25 10 Secretin 
40 > Adrenalir 
0 10 Secretin 
5 40 3 Adrenalin 
1 40 10 Secretir 
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S80 THE DUCTLESS GLANDS AND THE PANCREAS 


certain proportion of these dogs failed to develop tetany, as has been the 
experience of all operators, and of those which did develop it a certain 
number died shortly after beginning anesthetization. 

Our aim was to use for investigation those dogs which showed the 
first signs of developing tetany, as indicating thereby that the thyroid 
and the parathyroids had both been removed. But it was often impossi- 
ble to operate at the time of election, as many of our animals when used 
were more advanced in the disease and represented, in fact, all stages of 
its progress; even that prior to the onset of evident muscular weakness. 
Where the dogs seemed as yet perfectly well after the operation, several 
were taken, on the principle that even in the absence of proof that all 
the parathyroids had been removed it was safe to assume that two out of 
three dogs so treated—the usual proportion—would develop tetany later 
and were at this time, consequently, the subject of some disturbance 
following the thyroidectomy and parathyroidectomy. 

When, therefore, we were satisfied, as above, that the thyroid and 
parathyroids had been entirely removed, a cannula was placed in the 
duct, and the usual tracings were established to record blood-pressure 
and respiration. 

Secretin in varying amounts was then given intravenously and 
attempts were made to inhibit by adrenalin the pancreatic flow thus 
caused. In the light of some of the work reported by others we looked 
for some lowered inhibition from it, but none appeared. In a long series 
of dogs we could not convince ourselves that, in the absence of the thyroid 
and parathyroids, stimulation of the pancreas by secretin was any more 
active than in health or that inhibition from adrenalin was one whit less 
marked or less definite. In short, the pancreas responded to stimulation 
as it does normally, and the relation of adrenalin toward the external 
secretion of the pancreas seemed about as in health. It will be observed 
that the attempt was made in all our dogs to remove both thyroids and 
parathyroids and that some of the animals were subsequently subjected 
to investigation before the appearance of tetany, as before mentioned. 
It therefore seems probable that we have also included in our series cases 
where inadvertently the thyroids alone were removed; that is, where 
enough parathyroid tissue still remained to maintain health. One such 
dog is alive and well at present writing, six months after the operation. 
This being so, it seems that we might also state that adrenalin behaves 
toward the pancreas after thyroidectomy alone as it does in health, but, as 
we have made no systematic efforts toward that end, such a conclusion 
can hardly be postulated, however likely. 























THE BLOOD-PRESSURE IN EPIDEMIC CEREBROSPINAL 
MENINGITIS 
G. CANBY ROBINSON, M.D. 
PHILADELPHIA 


Increased intracranial pressure is a phenomenon which is considered 
to be nearly always associated with acute inflammation of the cerebro- 
spinal meninges. This phenomenon is caused by the calling into the rigid 


bony-walled space within the skull and vertebral column of large amounts 
of inflammatory exudate, while the absorption is, according to Krehl,* at 
the same time probably decreased. This heightened pressure has been 
regarded generally as one of the most potent factors in causing the symp- 
toms of acute meningitis, and relief has been sought through lowering the 
pressure by withdrawing the cerebrospinal fluid by means of lumbar 
puncture. 

On account of the intimate relation that has been shown by Cushing? 
and others to exist between intracranial and blood-pressures, it was 
thought that a series of observations on the blood-pressure in cases of 
epidemic cerebrospinal meningitis would prove of interest, especially 
when the effect of withdrawal of the cerebrospinal fluid was considered. 
Cushing’s experiments showed that when the intracranial tension was 
raised by means of salt solution forced into the subdural space of the 
cranium and vertebral column the blood-pressure rose, and he reached the 
conclusion that an increase of intracranial tension occasions a rise of 
blood-pressure which tends to find a level slightly above that of the pres- 
sure exerted against the medulla. His experiments have been recently 
fully confirmed by Eyster, Burrows and Essick.* 

During the present study an attempt has been made to answer the 
following questions: If a heightened intracranial tension exists is it suffi- 
cient to cause a rise of blood-pressure? If a heightened blood-pressure 
exists does the withdrawal of the cerebrospinal fluid cause a fall of blood- 
pressure by lowering the intracranial tension ? 


1. Krehl: Pathologische Physiologie, Leipsic, 1907, Ed. 5, p. 556. 

2. Cushing: Concerning a Definite Regulatory Mechanism of the Vasomotor 
Center Which Controls Blood-Pressure During Cerebral Compression, Bull. Johns 
Hopkins Hosp., 1901, xii, 290. 

3. Eyster, Burrows and Essick: Studies in Intracranial Pressure, Jour. Exper- 
Med., 1909, xi, 489. 
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Aside from the bearing which blood-pressure observations may have 
on these questions, it seems desirable to report the following study, 
because, according to Janeway, no clinical observations on blood-pressure 
in connection with inflammatory lesions of the central nervous system 
have been published. 

Observations were made in 26 cases of epidemic cerebrospinal menin- 
gitis which occurred in the wards of the Pennsylvania Hospital. From 
these 336 blood-pressure estimations were made and charted. The effect 
on the blood-pressure of withdrawal of the cerebrospinal fluid by lumbar 
puncture was studied 39 times in these cases and 7 times in other condi- 
tions. The blood-pressure was estimated as a routine daily, except when 
lumbar puncture was performed, when it was taken directly before and 
after the procedure and again a few hours later. The Stanton instru- 
ment with a 10 cm. arm-band was used, and only the systolic pressure 
determined, the method of palpation be Ing employed. 

The first question to be considered is whether in these cases of menin- 


gitis there was evidence of heightened cerebrospinal pressure. The ten- 


sion of the cerebrospinal fluid as measured by a manometer after lumbar 
puncture is the most direct method of answering this question. This 


procedure was done 16 times with the following result: 


Above 500 mm 3 times 
100-500 mm 5 times 
300-400) mm } times 
200-300 mm 2 times 
150-200 mm 2 times 


7,10 


mm. Of the two cases in which it rose not above 200 mm. one was that 


¢ 


it ol 


In one case, that of a child of 10 years, the fluid rose to heig 


of a child of 10 years, the fluid from whom rose 180 mm. in the manome- 
ter, while from the other patient, aged 24, it rose 150 mm. Normally 
the spinal fluid rises to a height of about 120 mm. in a manometer above 
the point of puncture in adults, but the normal level, of course, varies 
considerably. Oppenheim’ considers a rise of above 150 mm. as abnor- 
mal, while Seifert and Miiller® place 200 mm. as the upper normal limit. 
Comparing these figures with the ones obtained im our cases, it is seen 
that as far as ihe question has been investigated a heightened intracranial 


pressure was almost constantly present. 


4. Janeway: The Clinical Study of Blood-Pressure, New York, 1904, p. 253 

5. Oppenheim: Diseases of the Nervous System, Philadelphia, 1904, Second 
American Edition. 

6. Seifert and Miiller: Taschenbuch der medicinisch-klinischen Diagnostik, 
Wiesbaden, 1909, Ed. 13, p. 170 

















or Oe Re 


STS SS ae: 


484 BLOOD-PRESSURE IN EPIDEMIC MENINGITIS 


An analysis of the blood-pressure curves in the 26 cases of meningitis 
fails to show any constant relation to the heightened intracranial pres- 
sure. The accompanying table gives the highest and lowest systolic pres- 
sure observed in each case; the findings in the 13 patients who were over 
14 years of age are given first and the children in the second part of the 
table. 


HIGHEST AND LOWEST SYSTOLIC PRESSURE (MM. Hg) IN 26 CASES OF 
MENINGITIS 


High- Day Low- 
est of est 
Pres- Dis- Pres- 
sure. ease. sure. 
158 11 155 
108 
103 
70 


95 
100 
75 


90 


Result. 
Death. 
Recovery. 
Recovery. 
Death. 
Death. 
Recovery. 
Death. 
Death, 


Death. 


Death. 
Death. 
Recovery. 


Death. 


Death. 


Recovery. 
Death. 
Recovery. 


Death. 
tecovery. 
Recovery. 


Recovery. 
Recovery. 


Recovery. 


Recovery. 
Death. 


Recovery. 


ADULTS 


Remarks, 
Moribund while in hospital. 
High pressure late in disease. 
High at onset. Low during convalescence. 
Terminal fall of pressure. 


High pressure when under ethyl! chlorid general 
anesthesia. 
Low during convalescence. 


Terminal fall of pressure. 
Terminal fall of pressure. 


Terminal fall. Patient moribund while in hos- 
pital. 
Moribund while in hospital. 


Moribund while in hospital. 
Only two observations made. 


Moribund while in hospital. 


“HILDREN 


Typical rise late in the disease. 


Highest at onset and irregular during con- 
valescence 

Rise of pressure accompanying exacerbation 
symptoms. 

Rise accompanying exacerbation subnormal 
during convalescence. 

High at onset and just before terminal drop. 


Highest after recovery. 
Slight even elevation 


Low when worse, irregular without relation to 
symptoms. 

High when worse, irregular with striking rela- 
tion to symptoms. 

No great variations. 


High when worse, subnormal during convales- 
cence, 

Highest early and again just before terminal 
drop 

Even low pressure 
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In the table it is seen that in 4 adults the blood-pressure rose to a 
height of 145 mm. Hg or higher, and that in 6 children of between 6 and 
13 years it rose to 115 mm. Hg or higher. While it is, of course, difficult 
to say what the normal blood-pressure in each individual is, there is at 
times certainly an increased blood-pressure in meningitis, a fact which 
seems somewhat noteworthy when compared to that found in other infec- 
tious diseases. The question has been discussed quite thoroughly by Wei- 
gert ;’ both from his own work and from an extensive review of that of 
others, he concludes that in infectious diseases there is a lowered blood- 
pressure except in the eruptive stages of the exanthemata and perhaps in 
the early stages of other infectious diseases, such as typhoid fever, diph- 
theria and pneumonia. Weigert emphasizes the fact that it is difficult to 
determine the correct normal and to rule out psychic influences. 


DATE MARCH 
6 7 10 11 


| Wa| OAY OF DISEASE 
sg 
s20} 2) 4/5 


115 
110 
105 
100 
95) 
90} 
‘ Improved 
Chart 1.—Case 5 of children’s division of table, showing early heightened and 


late rise of blood-pressure. 


Striking features of the blood-pressure curves are their lack of uni- 
formity to one another, and the great irregularity of the individual 
curves. The highest blood-pressures were encountered in two stages of the 
disease ; early with the severe symptoms of onset, and later with the pre- 
terminal symptoms, before the final failure of the circulation appeared. 
In some very severe cases in which the patients lived but a few days after 
the onset, the early severe symptoms represent the preterminal stage, and 
then it is possible that no blood-pressure records were taken before the 
failure of circulation had set in. This may be the cause of the low pres- 
sures observed in Cases 9, 10, 11 and 13 in the adult division of the table. 
The marked irregularity of the individual curves is indicated by the wide 
range between the highest and the lowest systolic pressures observed in 
many of the cases. A case show ng both the early heightened blood-pres- 
sure and preterminal rise is seen in Chart 1. 


7. Weigert: Ueber das Verhalten des arteriellen Blutdrucks bei den akuten 
Infektionskranheiten, Samml. Klin. Vortr., 1907, xvi, 65 
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it There seemed to be in many of the cases a relationship between the 
uP ° . > * 
1 tik severity of the symptoms and the blood-pressure, the pressure rising when 
ny the symptoms, such as fever, headache, delirium, rigidity of the neck and 
iy ocular disturbances increased. This relation is seen in Chart 2, in which 
the high blood-pressure was always obtained when the patient was very 
th ill, while distinct improvement was noted on those days when the lower 
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in Hg| ODay OF DISEASE — | 
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Chart 2.—Systolic blood-pressure; Case 3 of adult division of table, showing 






relation of blood-pressure to severity of symptoms. 











blood-pressure was found. In another case in which the patient had a 
series of alternating good and bad days, the variations in the temperature 
being especially striking, the blood-pressure chart and temperature chart 


resembled each other very closely. This relation to symptoms was also 
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Chart 3.—Systolie blood-pressure ; 
exacerbation of symptoms late in the disease, with rise of blood-pressure. 


Case 2 of adult division of table, showing 











seen very plainly in those cases in which the patient became distinctly 
worse after a period of comparative freedom from symptoms. What might 
be almost termed a relapse occurred in five of the cases, and in all an 
accompanying rise in blood-pressure of from 15 to 35 mm. Hg occurred. 





This occurrence is illustrated in Chart 3. 
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Although it must be borne in mind that the changes in blood pressure 
in epidemic cerebrospinal meningitis are not great, there is a distinct ten- 
dency toward a heightened blood-pressure during the early acute stage and 
again later in the disease. This tendency is made more striking when the 
behavior in other infectious diseases is considered. 

In endeavoring to determine whether this tendency toward a height- 
ened blood-pressure bears any relation to the increased intracranial ten- 
sion, the question must be considered whether the withdrawal of the 
cerebrospinal fluid lowers the blood-pressure. In the series of 39 lumbar 
punctures in meningitis cases, by which from 0 to 55 c.c. of fluid (with 
an average of 32 ¢.c.) were withdrawn, the effect was not constant. An 
average reduction of 10 mm. Hg blood-pressure took place in 23 cases, an 
average rise of 7 mm. in 11 cases; and 5 cases showed no change imme- 
diately after the lumbar puncture. In 9 cases ethyl chlorid was given as 
a general anesthetic during the operation, but this seemed to play no réle 
in changing the blood-pressure. In 6 cases the blood-pressure after lum- 
bar puncture was lower than before by 20 mm. Hg or more, while in 8 
cases it was higher than before the procedure by 5 mm. Hg or more. The 
amount of fluid withdrawn averaged 23 c.c. in those cases showing a fall 
of blood-pressure, while in those cases showing a rise of blood-pressure the 
withdrawn fluid averaged 37 c.c. There is no apparent relation between 


the day of disease on which the lumbar puncture was done and the result 


on the blood-pressure, nor does the state of the blood-pressure before the 


procedure or the initial tension of the spinal fluid seem to determine 
whether the withdrawal of fluid will cause a rise or fall. It is noticed, 
however, that all patients showing a rise of blood-pressure synchronous 
with the lumbar puncture are children from 6 to 13 years old. In 6 cases 
in which fall of blood-pressure occurred immediately, a secondary rise 
occurred in twenty-four hours, which caused the blood-pressure to exceed 
its initial level. 

It is seen that the blood-pressure is frequently lower after lumbar 
puncture than before it, but that this is not a constant phenomenon, and 
bears no apparent relation to the amount of fluid withdrawn, to whether 
the fluid is withdrawn early or late in the disease, to the initial blood- 
pressure, or to the initial intracranial tension. It was only in children 
that a distinct rise of blood-pressure occurred synchronously with the 
lumbar puncture. Frequently large amounts of cerebrospinal fluid were 
withdrawn without causing any appreciable effect on the apparently 
heightened blood-pressure. From these facts the conclusion seems justi- 
fied that heightened blood-pressure which is frequently seen in epidemic 
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cerebrospinal meningitis is probably not usually due, at least directly, 
to the increased intracranial tension. 

That too much emphasis should not, however, be put on the effect of 
lumbar puncture in reaching the foregoing conclusion is seen when two 
cases of cerebral hemorrhage in which lumbar puncture was done are 
considered. In both cases there was an initial spinal fluid pressure of 
250 mm. of fluid. The withdrawal of 25 c.c. in one was accompanied by 
a rise of 20 mm. Hg above the initial blood-pressure of 210 mm. Hg, 
while 30 c.c. of spinal fluid withdrawn from the second patient was 
accompanied by a fall of 18 mm. Hg from the initial pressure of 160 
mm. In both these cases the increased intracranial tension was probably 
the cause of the heightened blood-pressure, and yet the withdrawal of 
the cerebrospinal fluid did not affect the blood-pressure constantly. 

The other cases, not epidemic meningitis, in which blood-pressure rec- 
ords were made before and after lumbar puncture, were 3 cases of tuber- 
culous meningitis and one of probable cerebral concussion. In all the 
blood-pressure was low and in none was it appreciably affected by the 
withdrawal of from 5 to 65 c.c. of spinal fluid. 

Regarded from another point of view, that of the amount of increase 
of the intracranial tension in meningitis, it seems likely that the height- 
ened blood-pressure when present is due to some other cause than that 
already discussed. Cushing found that the systemic blood-pressure was 
not materially affected until the pressure on the vasomotor centers of the 
medulla approached the level of the cerebral blood-pressure, which, he 
showed, is for the dog about 150 mm. Hg. If such a pressure existed in 
the subdural space in man, the cerebrospinal fluid should rise very much 
higher than it usually did in the manometer attached to the lumbar 
puncture needle. In a case reported by Cushing,’ in which there was no 
elevation of the blood-pressure, a blood-clot of 100 c.c. was removed at 
operation. Here the intracranial pressure was very probably raised to a 
point above that which occurs in most cases of meningitis. 

From a consideration of these facts and from the analysis of the 
blood-pressure findings in the cases of meningitis here presented, no con- 
clusive evidence is obtained which would justify the assumption that the 
heightened blood-pressure of meningitis is due to the existing increased 
intracranial pressure. 

When other causes are looked for, a number of factors must be con- 
sidered. Muscular movements which accompany delirium may have 


8. Cushing: The Blood-Pressure Relation of Acute Cerebral Compression, 
Illustrated by Cases of Cerebral Hemorrhage. Am. Jour. Med. Sc., 1903, exxv, 
June, 
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played a réle in some cases. The elevation of the blood-pressure may 
mean that the circulation is endeavoring to meet the extra demands made 
on it by the fever. There may have been a reflex stimulation of the blood- 
pressure-raising mechs 1 of th ly by irritation of the central nerv- 


ous system, or less directly through pain. In a personal nmunica 


Dr. Theodore Janeway has expressed his opinion that t 


pressure early in the « ‘ is probably one more 


phenomena, analogous to the sl vagus 
photophobia, auditory hy peresthesia, delirium, ete. 
reflex peripheral sensory stimulation, especially on t 
roots, must be considered as a possible cause of 

of the blood-pressure changes in meningitis a1 


is certain that the blood-pressure seems to be nearly always well main- 
tained or heightened as long as the patient remains severely ill, showing 
that there is no marked relaxati: f the vasomotor system. Moreover, 
[OATE APRIL 1907 MayY| | | | | | i T 
mm 27.28) 29/30] 1/2/3/)4/6/)6/7/ 8/9 /40/11/12/13/14 

DAY OF DISEASE | 
4g\30 31 32 33 \}34 35 36 637 38 3 4c 42 43 44 465 46 47 


Chart 4.—Systolie blood-p1 re; Case 1 of children’s division of table, show 


ing marked rise late in dise: 


the heart muscle, as a rule, d ) vecome so weakened t 

to maintain the pressure until the terminal stage. It 

irritation of the central nervou ays an important part in 
abnormal rise of blood-pressure. Exce} he terminal stage when circu 
latory failure was present, the lowest blood-pressure is seen during con 
valescence; here, a n ner acute ifections, 11 O inireq ently 
subnormal. 

As a possible explanation of the high blood-pressure occurring late in 
meningitis, especially when the disease appears to take on a chronic phase, 
the occurrence of internal hydrocephalus or pyohydrocephalus must be 
considered. Such urré » may have been the cause of the rise seen 
in Chart 4, which occurred in a typical chronic case on the fortieth day 
of disease. Cushing mentions such a condition as a cause of heightened 


intracranial tension, and asse! hat he hs lieved the symptoms and 
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the congestion of the eyegrounds in a case of pneumococcus meningitis 


by tapping the ventricles. In this case an acute pyohydrocephalus occur- 
red as the result of obstruction of the foramina of the fourth ventricle. 
Unfortunately, but one of the fatal cases of our series came to autopsy, 
and the post-mortem findings throw no light on the condition of the 


blood-pressure. 
CONCLUSIONS 

Heightened intracranial tension appears to be an almost constant 
phenomenon in epidemic cerebrospinal meningitis. 

Heightened blood-pressure of a moderate degree is not infrequently 
seen in the early acute stage of the disease when exacerbations of symp- 
toms occur, late in the disease, or when the malady takes on a chronic 
aspect. 

The blood-pressure seems to bear some relation to the severity of the 
disease. being higher when the symptoms are severe, and low during con- 
valescence. 

The withdrawal of cerebrospinal fluid by lumbar puncture has no con- 
stant effect on the blood-pressure, although there is usually a fall of blood- 
pressure synchronous with this procedure. 

This series of observations affords no definite evidence that heightened 
intracranial tension causes an increased blood-pressure in meningitis, 
unless it is late in the disease, when internal hydrocephalus may develop 
as a result of blocking of the foramina of the fourth ventricle. 

My thanks are due to Drs. Morris J. Lewis, Arthur V. Meigs, and J. C. Wilson, 


in whose services at the Pennsylvania Hospital these cases occurred, for putting 
the material at my disposal 
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POSTURAL OR ORTHOSTATIC ALBUMINURIA 
A CRITICAL SUMMARY OF THE LITERATURE 


D. R. HOOKER, M.D. 
BALTIMORE 


Following Richard Bright’s observation, in 1827, of the direct asso- 
ciation of albuminuria with pathological changes in the kidneys, the 
medical profession showed a natural tendency to regard the presence of 
albumin in the urine as a positive sign of nephritis. It was not long 
alter Bright’s discovery, however, that cases began to appear in which 
examination of the urine showed albumin to be present without any evi- 
dences of ill health in the patient and without the fatal outcome com- 
monly associated with nephritis. Such observations have steadily 
increased in number, so that for some time past there has been an 
increasing tendency toward the belief that albumin in the urine is not 
necessarily an indication of serious pathological change in the kidney. 

This tendency to regard the presence of albumin as of not very seri- 
ous moment has led to the adoption of numerous terms to define the 
condition, such as “functional albuminuria,” “albuminuria in the appar- 
ently healthy,” “intermittent albuminuria,” “cyclic albuminuria,” “albu- 
minuria of adolescents,” “physiological albuminuria,” “orthostatic albu- 
minuria,” ete. For practical convenience [ shall divide the papers to be 
considered into three groups or periods, the first of which extends 
roughly up to 1887 and ends with a paper published by Dubreuilh, “A 
Critical Review of Periodic Intermittent Albuminuria.” 


FIRST PERIOD 


Leube? was the first to investigate carefully the urine 


of presumably 
healthy men. He studied the urine of 119 soldiers in the morning just 
after they arose from bed, and found albumin in the urine of 4.2 per 
cent. The urine of the same soldiers in the afternoon, after several hours 


of marching, showed albumin in 16 per cent.; thus 12 per cent. of these 
soldiers had albuminuria subsequent to prolonged exercise. In all of 
these cases, the amount of albumin was very slight, never exceeding one 
gram per liter. As a result of these observations, Leube classified all 


kidneys as impermeable, semipermeable, or permeable, and located the 


1. Dubreuilh: Rev. de méd., 1887, vii, 678 
2. Leube: Virchow’s Arch. f. path. Anat., 1878, Ixxii, 145 
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permeability in the glomerulus. Capitan* found albumin in 44 out of 
100 soldiers, and in 38 out of 92 children, all in good health. In a thesis 
published in 1883, Chateaubourg* gave the results of numerous studies 
on soldiers and other subjects at different times of the day and under 
different circumstances. These results are collected in Table 1. 


TABLE 1 RESULTS OF CHATEAUBOURG’S URINARY STUDIES 


Traces of Albumin 

Cases Albumin. Above 0.05 Gm. 

% Per Liter. 
ee : 120 76 41 
Muscular fatigue after exercise eer 87 66 
Mental exertion, school boys, age 16-20. 50 92 77 
During digestion ... . 94 82 53 
After cold baths. ‘ =e 53 100 90 


The difference in the results obtained by these and subsequent observ- 
ers may perhaps be explained by the reagents employed; thus, Senator 
and Posner believe that with sufficiently delicate methods albumin may be 
found in all normal urines.® But, putting aside such cases as the latter, 
in which the amount of albumin is exceedingly small, there are unques- 
tionably individuals who without any indication of impairment in their 
general health present an albuminuria which may be easily diagnosed by 
the coagulation of the protein in the presence of acid. Such cases have 
been deseribed variously under the names “albuminuria without renal 
lesion,” “aibuminuria in the apparently healthy,” “albuminuria of 
puberty,” ete. According to some observers, this is nothing but an exag- 
geration of a normal condition, while others believe that albuminuria 
invariably indicates a pathological condition of the kidneys. Johnson,® 
for instance, believed that it represents a latent nephritis, and Gairdner,’ 
on the other hand, has compared the condition to cardiac murmurs, 
which persist throughout life without other evidences of disease, or to 
those cases which show localized pulmonary induration, but which never 
develop acute symptoms of tuberculosis, 

Ultzmann* was among the first to observe albuminuria in the healthy. 
In 1870 he detected albuminuria in the urine of eight young girls, who 
were apparently healthy and strong. The specific gravity of the urine 
was increased, but neither casts nor red blood cells were ever found. The 


3. Capitan: Thesis, Paris, 1883 (cited by Dubreuilh). 

4. Chateaubourg: Thesis, Paris, 1883 (cited by Dubreuilh). 
5. Senator: Deutsch. med. Wehnschr., 1904, xxx, 1833. 

6. Johnson: Brit. Med. Jour., 1889, i, 225. 

. Gairdner: Brit. Med. Jour., 1884, i, 369. 

8. Ultzmann: Wien. med. Presse, 1870, xi, 81. 
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sediment frequently showed urates and calcium oxalate crystals. In 
1873, in a discussion before the Royal Medical and Chirurgifal Society of 
London, Sir William Gull® stated that “boys when they reach the age of 
puberty are pale and weak, and the urine is frequently albuminous.” 
The first work of importance, however, on this subject was presented by 
Moxon’® in 1878. He noted that in young men of delicate complexion, 


} 


albumin was often found in the day urine. As a result of this paper, 
the English journals published numerous articles on periodic albuminuria 
by Rooke, Fergusson, Dukes, Saundby,'* Yeo!® and others. In Ger 
many, there appeared the observations of Edlefsen,’® of Fiirbringer,” 
and of Bull.?® The last-mentioned observer followed the case of a young 
physician, who had daily albuminuria lasting over two years. Munn,’ 
an insurance examiner in New York, found albuminuria in twenty-four 


persons of various ages, who were apparently perfe tly healthy, and whose 


urine showed albumin in the afternoon, but was entirely free during the 
night. Macacci*® emphasized the influence of violent exercise. Kinni- 
cutt*! also noted intermittent albuminuria in a young man. The latter 
observer was not able to determine any periodicity, but the character of 
the urine, its acidity, specific gravity, and the presence of calcium oxalate 


] { 


crystals makes it closely analogous to the type of periodic intermittent 
albuminuria. The above papers have been collected in a résumé by 
Lepine, published in the Revue de médecine, in 1882. In 1884 Rendall** 
published a thesis in which many observations were given to show that 
albuminuria was intimately connected with the digestive processes. Pavy, 
on the contrary, at the meeting of the British Medical Association at 





Cardiff in 1885,?* insisted on the importance of the upright position, and 
excluded entirely the influence of digestion. Pavy’s position has subse- 


quently been completely justified.2* Teissier, in a paper read before 
| YJ J 


9. Gull: Brit. Med. Jour., 1873, i, 675 
10. Moxon: Guy’s Hosp. Rep., 1878, xxiii, 233 
ll. Rooke: Brit. Med. Jour., 1878, ii, 596 
12. Fergusson: Brit. Med. Jour., 1878, ii, 627 
13. Dukes: Brit. Med. Jour., 1878, ii, 794 
i4. Saundby: Brit. Med. Jour., 1879, i, 699. 
15. Yeo: Brit. Med. Jour., 1878, ii, 627 
16. Edlefsen: Mitth. f. d. Ver. Schleswig-Holsteiner Aerzte, 1879, viii, 2] 
Fiirbringer: Ztschr. f. klin. Med., 1880, i, 3 
18 Bull: ferl. klin. Wehnschr 1886, xxiii, 717 
19. Munn: Med. Rec., 1879, i, 297. 
20. Macacci (cited by Dubreuilh 
21. Kinnicutt: Arch. Med., 1882, vii, 58 
22. Rendall: Thesis, Paris, 1883 
23. Pavy: Lancet, London, 1886, i, 437 
24. Sollmann and McComb: Jour. Exper. Med., 1898, iii, 1% 
Hooker: Jour. Exper. Med., 1901, v, 647. 


7. Mendel and 
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the National Society of Medicine at Lyons in the same year,** believed 
that he was able to show that such albuminuria is nothing but the result 
of abnormal metabolic processes, resulting from general nutritional dis- 
turbances. 

This albuminuria may be present without nephritis, and in people 
without serious disease, and under various circumstances. It is possible, 
therefore, according to Dubreuilh, to distinguish three types: 1, transi- 
tory albuminuria, acute or accidental; 2, chronic albuminuria, without 
any distinct periodicity; 3, periodic intermittent albuminuria, the cyclic 
albuminuria of Pavy. The third type is the one which particularly inter- 
ests us. 

ETIOLOGY 

Sex plays an important part. Thus, in fifty-five cases observed by 
Dubreuilh, forty-nine occurred in men and six in women. The age is 
also important. It is most frequently seen during adolescence and in 
young adults. In 34 cases studies by Dubreuilh, there were 4 boys and 
3 girls under 15 years; 14 boys and 2 girls between 16 and 20 years; 7 
men between 20 and 25 years; 6 men between 26 and 30 years, and 3 
men above 30 years. The age limit cannot be strictly defined, but it is 
evident from these figures that it is more common about the twenty-first 
year. 

According to the observations of Moxon, functional albuminuria is 
often present in several members of the same family. He cites several 
cases of this kind. They generally present the following characteristics : 

The subject is listless, and toward evening, he perhaps takes himself to a 
couch in a languid way. He complains of a headache, and he looks very anemic 
and gray and sunken about the eyes. He sleep too much and arises unrefreshed, 
and is too ready for rest during the working hours. He is usually little disposed 
to avail himself of cheerful company, but is apt to be content with his state in all 
these rather unsatisfactory particulars. 

According to Teissier, periodic albuminuria is frequently observed in 
the children of gouty and rheumatic parents, and they are themselves 
liable to a gouty tendency. 





URINARY SYMPTOMS 


The amount of urine secreted is usually a little less than normal, but 
in rare cases it may be augmented. The specific gravity is usually equal 
to, or slightly greater than, normal, and varies generally between 1.020 
and 1.030. The color of the urine is normal in the majority of cases. 
The acidity is generally above normal, and is accompanied by the presence 





25. Teissier: Lyon Méd., 1887, liv, 363. 
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of uric acid and calcium oxalate crystals. Clark** believes that there is 
an association between the albumin and the oxalate crystals, and he has 
found that if the cases are treated for oxaluria, the albumin will disap- 
pear. Jones*’ says that Yale medical students used to eat the stalk of 
common rhubarb in order to secure calcium oxalate crystals for study 
which frequently resulted in backache, an irritable bladder and albu- 
minuria. Teissier observed numerous granular plaques having the 
appearance of spontaneously coagulated albumin. He also noted a deli- 
cate, metallic, bluish tint on the surface, and found that the urine 
showed a striking tendency to adhere to the glass, giving an opalescent 
appearance to the surface. 

The albumin is not very abundant in these cases, never exceeding one 
gram per liter. The heat-acid test is usually sufficient to show the pres 


ence of albumin. According to Jaccoud** and Maguire,** the protein 


present is, in the majority of cases, globulin. The latter observed globulin 


in three typical cases. Peptone is also occasionally found. 


PERIODICITY 


This form of albuminuria, the cyclic albuminuria of Pavy, is charac- 
terized by both its intermittence and its periodicity. The night urine 
is practically always free from albumin, while that secreted during the 
day invariably shows, at one time or another, albumin in considerable 
amounts. The albumin usually disappears quickly when the subject lies 
down. Rooke followed the case of a young girl for a long period. He 
never observed albumin in the urine collected after she lay down. This 
patient was kept in bed three weeks, during which time albumin never 
appeared. On the first day, however, that the patient was allowed to get 
up albumin promptly made its appearance. Pavy reports similar cases, 
and believes that for each case there is a particular time of day when the 
albumin is sure to be present. This last observer has never been able to 
find that food or cold baths have any influence on the appearance of the 
phenomenon. Rendall and also Dukes, however, reported cases in which 
food seemed to play a very important part. Such patients, alter rest in 
bed and a milk diet, did not exhibit albuminuria when they were up and 
about until a mixed diet was allowed, when the albumin promptly made 
its appearance. 


26. Clark: Brit. Med. Jour., 1884, ii, 312. 

27. Jones: Lancet, London, 1886, i, 432. 

28. Jaccoud: Clin. Méd. de la Pitié, 1884-85 (cited by Dubreuilh) 
29. Maguire: Lancet, London, 1886, i, 1106 
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Albuminuria in general seems to be very sensitive to cold, although 
occasionally little or no effect is evident. In some cases, the emotions 
seem to play an important part; thus Fiirbringer, Lépine and Clarke 
report cases in which emotional excitement has been a predisposing cause. 
The albuminuria appears each day with the same characteristics. The 
periodicity may, however, not be a daily occurrence. Thus Rosenbach*? 
has observed in the case of a generally healthy individual that albu- 
minuria appeared accommpanied by headache, loss of appetite, insomnia, 
ete. The albuminuria in this case lasted from twenty-four to thirty-six 
hours. The left heart was hypertrophied, and the arterial pressure 
increased. Teissier has seen the cyclic character of the albuminuria very 
much altered as the result of exercise. Klemperer** reports the case of 
a student, 23 years old, who, as the result of a severe indigestion, had 
albuminuria which cleared up when the digestion returned to normal. 


GENERAL SYMPTOMS AND INCIDENTAL DISTURBANCES 


These patients usually show no systemic disturbances, although they 
are, in general, below par in health, as is evident from Moxon’s descrip- 
tion given above. They are usually described as being of delicate health ; 
they sometimes present the characteristics of a lymphatic temperament, 
and frequently evidence nervousness. They are usually pale and anemic, 
and the young girls are often chlorotic. They present sensations of lassi- 
tude and marked languor, as emphasized by Gull in 1873, and subse- 
quently by numerous observers. Palpitation of the heart is a frequent 
symptom, but without hypertrophy, and the pulse is usually soft. 
Digestive troubles are usually slight, but sometimes dyspepsia is present 
(Moxon). Vomiting and dilatation of the stomach (Teissier) have 
been noted. The tongue is often coated and edema of the eyelids, as 
observed by Fergusson and Dukes, is not uncommon. Languor, headache 
and coated tongue constitute an important symptomatology, according to 
the English observers. Teissier has noted the coincidence of disturbances 
of the skin (erythema, eczema and urticaria). He has also determined, 
in the albuminuria cycle, the following phases which occur in the course 
of the day: (1) elimination of an exaggerated amount of coloring mat- 
ter; (2) albuminuria; (3) elimination of an exaggerated amount of 
urine; (4) elimination of an exaggerated amount of urea. 

Rulfe** noted the frequent coincidence of simple, chronic albuminuria 
with paroxysmal hemoglobinuria. Several cases came under his observa- 


30. Rosenbach: Ztschr. f. klin. Med., 1883, vi, 240. 


31. Klemperer: Ztschr. f. klin. Med., 1887, xii, 177. 
32. Ralfe: Lancet, London, 1886, ii, 764. 
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tion which he believed could be intimately associated with the hemoglo 
binuria. Ralfe, on the basis of the experiments of Noel Paton, believes 
that the liver is the site of the normal destruction of red blood cells. If, 
for any reason, this function of the liver is exaggerated under pathologi- 
cal conditions, or as a result of intoxication, the urinary pigments are 
increased, and if this process goes on far enough, albuminuria results. 
According to Ralfe, we have the following schema indicating the 
relationship between functional albuminuria and hemoglobinuria: 
Crdinary hemolysis. (Urinary pigment, urea.) Normal urine 
Active hemolysis. (Increase of urinary pigment, Urine of digestion 
increase of urea.) 
Increased hemolysis. Increase of urinary pigment, Functional albuminuria 
appearance of bile pigment, 
increase of urea, albumin in 
urine. ) 
Extraordinary hemolysis. (Hemoglobin in urine, increase Hemoglobinuria 
of urinary and bile pig 
ments, increase of urea, al 


bumin in urine. 


1 


It is impossible to determine the duration of the type of 
under discussion. In some cases it lasts a few months, but 
it may continue for two or even eight years. In general, the prognosis is 
serious, although not necessarily fatal. 

Edlefsen is inclined to believe, in accordance with the work of Rune- 
berg,** that as a result of exercise, an unusual amount of blood is 
diverted to the muscular system, which results in a fall of blood-pressure 


in the kidney, with a consequent albuminuria. Such a mechanical theory, 


however, fails to account for cases to be mentioned later in which the 
vertical position with muscular exertion excluded was sufficient to pro- 
duce an albuminuria and in which muscular exertion in the horizontal 
position was without effect. 

The theory that it is due to digestive disturbances, advanced by Ren- 
dall, is unsatisfactory, because it is impossible to find a direct relation- 
ship between the appearance of albumin and the time of meals. The 
effect of cold is, in certain cases, very striking, but it does not apply gen- 
erally. The same may be said of the idea that emotional states bring 
about the condition. 

SECOND PERIOD 


The second period in the development of our subject may be con 


veniently defined as extending from 1887 until 1904, ending with th. 


33. Runeberg (Ztschr. f. physiol Chem., 1882, vi, 508) has shown that protein 
filters through animal membrane more rapidly with low than with high pressure. 
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thesis of Guilblain** in France, and the work of Edel** in Germany. 
This second period is characterized by the development of scientific inter- 
est. and a strong effort to define the etiology of albuminuria by means 
other than simple clinical observation. Pavy had suggested the name 
of “cyclic albuminuria.” In 1887 Stirling** in England proposed the 
name of “postural,” and in 1899 in France, Teissier** proposed the name 
“orthostatic albuminuria,” which terms more correctly define the phe- 
nomenon under discussion. 

Postural or orthostatic albuminuria is most likely to occur between 
the ages of 16 and 22. ‘Thus Dukes** observed between 200 and 300 cases 
at Rugby. It was formerly thought that the phenomenon was more fre- 
quent in boys than in girls. The more recent work has tended to show, 
however, that sex is of no importance as an etiological factor. In the 
majority of cases, occurring as they do at the age of puberty, the albu- 
minuria has been associated with the sex function. Masturbation was 
known to be practiced by many patients. Thus Stirling*®® says that of 37 
boys whe masturbated, 14 had albuminuria. This author quotes Dickin- 
son as saying, “Most, not all, cases masturbate,” and again quotes Dukes, 
“I do not think masturbation is concerned in it.” Stirling is of the opin- 


ion that at the age when most cases occur, the sexual functions are rap- 
idly developing, and the nervous mechanism concerned is consequently 


in an unstable condition. According to Stirling, it is hard to say whether 
this produces a reflex hyperemia of the kidney, or more probably, a dis- 
turbance of the vasomotor system, but he believes that in any case the 
effect would be much the same. Any cause which would produce this 
effect might be liable at the same time to produce albuminuria, and 
therefore albuminuria might be regarded as the result of a local as well as 
a general deficiency in vascular tone. Dukes and others have suggested 
that the development of the vascular system at the age of puberty may 
be an important factor. It is, of course, probable that infectious diseases, 
such as scarlet fever, which are likely to occur at this time in a child’s 
development, may also play a part. This possibility has led Guilblain 
to differentiate essential orthostatic albuminuria to cover the cases in 
which no infections can be found predisposing to the condition. Schaps*® 


34. Guilblain: Thesis, Paris, 1903. 

35. Edel: Miinchen. med. Wehnschr., 1901, xlIviii, 1833; Deutsch. med. 
Wehnschr., 1903, xxix, 639. 

36. Stirling: Brit. Med. Jour., 1887, ii, 1157. 

37. Teissier: Semaine Méd., 1899, xix. 425. 

38. Dukes: Brit. Med. Jour., 1889, i, 625. 

39. Stirling: Brit. Med. Jour., 1889, i, 807. 

40. Schaps: Arch. f. Kinderh., 1903, xxxv, 41. 
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observes that girls are affected four times as commonly as boys, and is 
inclined to explain this relationship on Rokitansky’s observation that 
developmental anomalies are more common in the vascular system of girls 
than of boys. Of 35 subjects, 20 showed more or less pathological hearts. 
These troubles were not, however, organic, but rather due to the hyper- 
trophy and dilatation, coincident to growth described by Germain Sée. 
Admitting that posture plays an important part in the causation of 
albuminuria, numerous observers have sought an explanation in the 
accompanying muscular exertion. Experimental observation has not, 
however, confirmed this idea. ‘Thus Guilblain found that muscular 
exertion in the horizontal position did not cause albumin to appear, and 
that if the subject was maintained in the upright position passively, 
albuminuria promptly occurred, and finally, that light exercise tended 


to decrease rather than to increase the amount of albumin secreted 


Osswald** also observed that the horizontal position of the body caused 
the albumin to decrease or disappear in from twenty to sixty minutes. 
Under such conditions, muscular exertion had no effect on the albumi 
nuria. ‘The same thing was observed when the subject was maintained 
in the sitting position. 

Considerable attention has been paid to the influence of the position 
of the body on the secretory activity of the kidney. Linossier and 
Lemoine* studied the amount of water, urea, phosphates and sodium 
chlorid secreted, standing and lying, in normal individuals, and in those 
with orthostatic albuminuria. Their results are given in Table 2: 
TABLE 2.—RATIO OF VARIOUS SUBSTANCES IN URINE, SUBJECT STANDING 

AND LYING 


Normal Albuminurk 
Water 82:100 64:100 
Urea 131: 82 
Fr. © 112: 80: 
NaC] 104; 63 


They are inclined to infer from these figures that orthostatic albu- 
minuria borders on the pathological. Achard** and Merklen and 
Claude.** using Koranyi’s quotient NaCl. were unable to find, how 
ever, any abnormality in the excretion of urine in subjects with ortho- 


static albuminuria. 
41. Osswald: Ztschr. f. klin. Med., 1894, xxvi, 73. 
42. Linossier and Lemoine: (¢ ompt. rend. Soe. de biol., 1903, lv, 466 


43. Achard: Compt. rend. Soc. méd. d. hdp., 1900, June 22 


44. Merklen and Claude: Compt. rend. Soc. méd. d. hdp., 1900, July 27 
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Blood-pressure has been considered as an important causative factor 
in albuminuria. Dukes** quotes Benke as saying 

The development of the heart at puberty is to be regarded as a very important 
phase in the development in regard both to the physical and pathological occur- 
rences of this period of life. The large arterial vessels attain their relatively nar- 
rowest condition at the time of puberty, hence with the increasd development of 
the heart, with relatively narrow arteries, we must get increased arterial tension.“ 

According to this theory, Dukes presupposed a renal hyperemia, 
which, in the majority of cases, is just held in check, and believed that 
he was able to determine increased arterial tension in all of his cases. 
Craig,** in England, seems to have been the first to suggest definitely that 
albuminuria is present as the result of low arterial tension ; he cites cases 
of anemia and hemorrhage in which albuminuria is likely to be present. 
Furthermore, he states that he was able to cause functional albuminuria 
to disappear by raising the blood-pressure. Herringham** describes a 
patient as follows: “He was a lean, pale boy with a feeble circulation 
and soft pulse.” 

Guilblain emphasizes the importance of distinguishing essential 
orthostatic albuminuria from the intermittent albuminuria of chronic 
nephritis, from digestive or dyspeptic albuminuria, from pretuberculous 
albuminuria described by Teissier,*° from cyclic albuminuria (Pavy), 
from fatigue or physiological albuminuria, from the albuminuria accom- 
panying hemoglobinuria, and from metabolic albuminuria. 

It is not uncommon to observe an intermittence in the albumin- 
uria present with chronic nephritis. It can, however, in the major- 
ity of cases be readily distinguished from the true orthostatic albumin- 
uria. Digestive or dyspeptic albuminuria can be readily distinguished 
by its association with meals or with digestive upsets. The pre- 


tuberculous albuminuria of Teissier invariably exhibits albuminuria in 
the early morning hours. The cyclic albuminuria of Pavy may or may 
not fall into the class under discussion. Fatigue or physiological albu- 
minuria has been carefully studied by Lommel*® and by von Leube.™ 
Lommel found among 587 apprentices, aged 14 to 18 years, that albu- 
minuria was present in 18.9 of the cases. Von Leube states that this 


45. Dukes: Brit. Med. Jour., 1878, ii, 794. 

46. This assumption is not in accord with the observation that there is a con- 
tinuous elevation of arterial (systolic) blood-pressure from the sixth to the 
eighteenth year. See Potain, La pression artérielle de ’homme, Paris, 1902, p. 102. 

47. Craig: Brit. Med. Jour., 1886, i, 333. 

48. Herringham: Brit. Med. Jour., 1891, i, 218. 

49. Teissier: Congres de Méd., Lyon, 1894, L. Savy, Lyon, 1895. 

50. Lommel: Deutsch. Arch. f. klin. Med., 1903, Ixxviii, 541. 

51. Von Leube: Deutsch. med. Wehnschr. (Vereins-Beilage), 1902, xxviii, 309. 
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form of albuminuria is present in from 20 to 50 per cent. of cases 
observed. It may, of course, be brought on as the result of fatigue, and 
may or may not include the cases of orthostatic albuminuria. Metabo 


albuminuria has been emphasized by Charrin. Charrin observed that 


the blood-pressure, freezing-point of the urine, toxicity of the urine, ter 
perature of the urine, the absorption of oxygen, and the rectal tempera- 
ture, follow in general the output of albumin. He maintains that a 
these phenomena are tne resuit o etabolism, and ence that a 
minuria may be regarded as a nutritional disease. ‘The albuminuria 
coincident to hemog I ~ eel iiread onsideret hn conn 


with the work of Ralf 


Throughout the pei at present under discussion, observers wert 
divided between the views that a albuminuria is pathological, and t 
some cases are harmless. The majority, however, are inclined to the lat- 


ter view. Casts in the urine might be regarded as of important pat! 
logical moment. Most observers, however, have been unable to observ 
their presence, although some have found hyaline casts. Huge 
observed two cases. In both he was able to find hyaline casts, and believes 
that a careful examination of the urine will, in all cases, reveal the 
presence. 

The prognosis for orthostatic albuminuria is, according to Guilblain, 


excellent. We thus see a distinct change in the point of view over that 


held at the time Dubreuilh prepared his paper. The presence of albu- 
minuria in such a large percentage of cases has made the subject of 


great interest from the point of view of life-insurance. Therefore. the 
discussion of this aspect of the subject has become very general, and we 
find that writers are inclined to a broader interpretation of albuminuria 


1 


than formerly. Shepherd,®** in 1888, reported the results from 35,000 


examinations of urine. He noted that the brain-workers showed a larger 
percentage of albuminuria than the muscle-workers, that in the larg: 
majority of cases albuminuria is not associated with renal disease, and 
that in the matter of life-insurance, albuminuria should be looked on as 
a symptom only, and acceptance or rejection of the risk should depend 
on the gravity of the case. Tyson, in a paper read before the Associa 
tion of American Physicians in 1888,°° came to a similar conclusion. 
This paper was discussed editorially in the British Medical Journal the 


following year.®**® The writer admitted the difficulty of examination in 





52. Charrin Jour. de Physiol. et path. gém, 1901, iii, 58 
53. Huger: Bull. Johns Hopkins Hosp., 1902, xiii, 75 
54. Shepherd Boston Med. and Surg. Jour., 1888, exviii, 575 


55. Tyson: Tr. Assn. Am. Physicians, 1888, 171 
56. Editorial: Brit. Med. Jour., 1889, i, 26 
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such cases, but concluded that albuminuria, as such, was not a sufficient 
reason to refuse insurance. 

The fact that variation in arterial tension was not sufficient to explain 
the presence of albumin in the urine, together with the difficulty of 
accounting for the phenomenon on the ground of a venous stasis, since 
albumin is not present in such cases in the sitting posture, led to the 
suggestion that a movable kidney might be the proper explanation. This 
idea was first suggested by Sutherland in America in 1903, and was 
advanced by Guilblain at about the same time. This belief has not, how- 
ever, received wide acceptance, although one case has been recently 
reported by Blum,°** in which it was found that an aberrant renai artery 
was pressed on by the ureter, thus producing albuminuria. 

Throughout this period (1887 to 1903), numerous observers sug- 
gested the idea that vasomotor instability might be the etiological factor 
in question, but Edel was the first to bring forward definite evidence 
substantiating this conception. In his first paper, published in 1901, he 
noted that diuretics caused the albumin to disappear from the urine. 
Hot baths also decreased the amount of albumin, under which condition 
he observed that the skin was flushed, the pulse fuller and faster, and 
that the amount of albumin was inversely related to the amount of 
urine. Pribram*® had also observed fifteen cases of orthostatic albu- 
minuria in which the specific gravity always varied directly as the 
albumin present. Edel noted also that moderate exercise without 
fatigue improved the strength of the pulse by stimulating the heart 
action and decreased the amount of albumin, causing also an increase in 
the amount of urine secreted. He therefore suggested as a rational 
therapeutic measure that the heart should be strengthened by careful 
exercise, that in no case should the subject be kept in bed, and that rich 
diuretic food should be indulged in. In his second paper published in 
1903, he reported observations on the blood-pressure. In such cases, the 
effect of warm baths on normal individuals was to cause a slight fall in 
hlood-pressure—10 mm. during the bath, which rose 25 mm. after the 
bath. Albuminurics, however, failed to show this rise in pressure after 
the bath, and had sensations of relaxation and fatigue instead of feeling 
refreshed, as was the case in normal individuals. As the result of cold 
sponges, the blood-pressure of albuminurics was not as responsive as in 
the case of controls, but tended to remain constant, or sometimes to fall, 
while in the normal cases there was usually a rise. Exercise (climbing 


57. Sutherland: Am. Jour. Med. Sec., 1903, exxvi, 289. 
58. Blum: Wien. med. Wehnschr., 1908, xxi, 503. 
59. Pribram: Centralbl. f. inn. Med., 1889, xx, 482. 
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stairs) produced a much less pronounced effect on the blood-pressure of 
albuminurics than on that of normal individuals, as shown by his figur 


here given (Table 3). 
TABLE 3 EFFECT OF EXERCISE ON BLOOD-PRESSURE OF NORMAL AND 
ALBUMINURIC INDIVIDUALS 
Before Just After 2 Min. After 20 Min After 
Normal 136 205 18] 136 
Abnormal—Morning . + 37 not stated ) still more) 


Afternoon + 17 + 16 0 


Just after bicycle-riding the blood-pressure was high. Fifteen min- 
utes after riding, however, the blood-pressure was low again and albumin 
made its appearance. When normal individuals changed from the sitting 
to the standing posture, the blood-pressure rose and seemed to remain 
elevated, while in the case of albuminurics the blood-pressure did not 
rise and sometimes fell. From these observations Edel infers that ortho- 
static albuminuria depends on the inability of the cardiovascular system 
to respond to ordinary changes. He believes that the heart and vascular 
system are very important in fatigue, and the fact that subjects suffer- 
ing with albuminuria are readily fatigued tends strongly to support the 


belief that the two are intimately associated. 


THIRD PERIOD 


The third period in the development of our knowledge of orthostatic 
albuminuria, extending from 1903 up to the present time (1909), offers 
only three new suggestions for the etiology: that presented by Teissier,*° 
implying a developmental defect in the glomerulus; that offered by 
Erlanger and Hooker,®? and that of Jehle.** Teissier, in a paper pub- 
lished in 1905, is careful to distinguish between true orthostatic albumi- 
nuria and mixed albuminuria. The former, he says, is characterized by 
the juvenile appearance of the patient, a poorly developed vascular sys- 
tem and small heart, low arterial pressure and a subnormal body weight. 


Such cases may or may not give a history of infection. When the patient 


changes from the lying to the standing position, albumin promptly 


] 


makes its appearance in the urine and disappears as quickly when he lies 


down. 


92° 


60. Teissier: Revue de Med., 1905, xxv, 233 

61. This is practically the suggestion of von Leube, but stated with more bold 
ness and decision. 

62. Erlanger and Hooker Johns Hopkins Hosp. Rep., 1904, xii, 145 

63. Jehle: Miinchen. Med. Wehnschr., 1908, lv, 12. 
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symptoms are frequently associated 


bDumin excl aries from 0.5 to gm. r Z Che 
P 


serum albumin. Globulin is only exceptionally present. If 


protein 18 asso iated with the serum albumin it is pra tically aiways 
eo-albumin."* In agreement with von Leube, he conceives of perme- 
and mpermeable kidneys, and velieves that 


sem lpermeabie 


thostatic albuminuria falls into the class of s¢ mipe rmeable cidneys, 


development of the glomerulus. Jehle observed a 
e€ ol orthostati¢ albi ] ria, which, however, x] l ted casts and blood 
ments. From the study ol is case, he came he conclusion that 


>» albuminuria was caused by lordosis whic] suite a pressure on 


er the renal vessels or the ureter. With this conception of the cause 


tT} 


the albuminuria, he favored exercise as a therapeutic agent, because it 


yuld strengthen the muscles of the back and thus improve the condition 


lordosis and coincidently the albuminuria. Nothmann*® has recently 


onfirmed Jehle’s observation, that lordosis may be the cause of ortho- 


( bil 


1 


static albuminuria. He has succeeded in producing albuminuria by arti- 
ficially induced lordosis. Observations on the cadaver and on rabbits 
indicate that curvature of the spine could disturb the normal position of 
the kidneys to an extent sufficient to explain the disturbances in the cir- 
culation, which are evidently responsible for the albuminuria. I shall 
later on refer to the work of Erlanger and Hooker. 

It is interesting to note the effect of athletic exercise on the appear- 
ance of albumin. Dunhill and Patterson,®* in Australia in 1902, and W. 
Collier,®? in England in 1907, investigated the urines of boat crews and 
found that albumin was invariably present after the races. 

Rose Bradford, in an address before the British Medical Association 
in 1907,°* reached the conclusion that there was no adequate explanation 
of the phenomenon under discussion, except that of vasomotor insuffi 
( ency. 

Adam Loeb,** in Germany in 1905, studied the behavior of the quo- 
tient 4/NaCl in cases of nephritis, cardiac disease and orthostatic 
albuminuria. On the theoretical assumption that an increase in the 
quotient means a decreased flow of blood through the kidneys and a 
decrease in the quotient means an increased flow of blood through the 
kidneys, he found that those with orthostatic albuminuria and those 

64. This statement has been entirely substantiated by other observers. 

65. Nothmann: Arch. f. Kinderhe ilk , 1909, xlix, 216. 

66. Dunhill and Patterson: Intercol. Med. Jour. Australasia. 1902. vii. 334 
67. Collier: Brit. Med. Jour., 1907, i, 4. 

68. Bradford: Brit. Med. Jour., 1907, i, 725. 

69. Loeb: Deutsch. Arch. f. klin. Med., 1905, Ixxxiii, 452. 
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years of life, is due to an incomplete functional development of the 
vasomotor system. He cites the fact that the urine of new-born children 
almost always contains albumin, which disappears from the urine after 
the vasomotor system has become adapted to its new requirements. 

In 1907 Heubner presented before the Medical Soc iety in Berlin the 
results of an autopsy on a young girl who had been suffering with ortho- 
static albuminuria.** Only a single minute lesion, 1 by 1.5 mm. in 
extent, was found in the pole of the right kidney. This is the only case 
of autopsy found in the literature. Heubner does not believe that the 
lesion in itself was sufficient to account for the albuminuria present. 
The child came of a tuberculous family, had had measles and scarlatina 
and had been operated on for adenoids one year before she came under 
observation. Her first appearance was in 1903, when she came to the 
clinic for a cough and a swelling of the neck. The urine at this time 
was free from albumin. In the following year, May, 1904, the patient 
returned complaining of headache, as well as the former symptoms. At 
this time she showed slight edema of the eyelids and feet and exhibited 
orthostatic albuminuria. In November of the same year her eyesight 
had become weak, and choked disc was present with attacks of vomiting. 
A diagnosis of cerebellar tumor with secondary hydrocephalus was made 
at this time. The albuminuria was more severe, but still orthostatic in 
type. Early in 1905 the patient was operated on. She died in October 
of the same year. Throughout the time during which she was under 
observation no casts were found in the urine. 

This report was followed by a lengthy discussion by Senator, Lang- 
stein, Baginsky, Furbringer, Hansemann, Orth and others.**7 The con- 
sensus of opinion was that the lesion was insufficient to account for the 
albuminuria observed. 

Finally, I should mention the work of Wright and Ross,** who have 
found it possible to cure patients with orthostatic albuminuria by the 
administration of calcium. ‘They made use of this treatment on the 
assumption that the albuminuria is the result of an abnormality in the 
blood. Calcium acts to hasten the coagulation of blood and presumably 
increases the viscosity. Furthermore, the administration of calcium 
lactate served, in the hands of these observers, to differentiate renal from 
.0n-renal albuminuria, the excretion of albumin in the former not being 


affected.*® Te issier’s observation of the coincidence of skin troubles in 
76. Heubdner: Berl. klin. Wehnschr., 1907, xliv, 1. 

77. Berl. klin. Wehnschr., 1907, xliv, 61. 

78. Wright and Ross: Lancet, London, 1905, ii, 1164. 

79. I have been unable to confirm this in a case recently under observation. 
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such cases, and the theory advanced by Ralfe, are of interest in connec- 
tion with the work of Wright and of Luff.*° The latter has found, fol 
lowing the suggestions of Wright, that calcium lactate is a very efficient 
therapeutic agent in persistent cases of chilblains, boils associated with 


cold hands and feet, urticaria, erythema, lichen planus, pruritus, hemo- 
slobinuria, etc., complaints which, he discovered, were, in all his cases, 
associated with retarded blood-coagulation. No determinations of blood- 
pressure have been reported for cases such as those described by Wrigl 


and it is not known what effect the calcium has on the physics of the 
circulation.*? 

Throughout this discussion it must have been evident that the varia- 
tions in the point of view presented by different observers might be 
accounted for by variation in the cases observed. There can be no doubt, 
however, that it is possible for albumin to make its appearance in the 


} 


urine without the consequent assumption of pathological conditions in 


the kidneys. We should not be justified, however, in ignoring the opin- 
ion of Senator, who has probably given more attention to diseases of the 


kidney than any man now living, and who has, throughout the years in 


which albuminuria has been so hotly discussed, maintained unflinch- 
ingly his belief that protein in the urine must be regarded as evidence of 


pathological conditions in the kidney. I quote from a recent address: 


With the lapse of time I am only more strongly confirmed in the view, which I 
expressed years ago, that a slight irritation or inflammatory condition, which 
may progress toward recovery or toward a diffuse chronic nephritis, is responsible 
for most, if not all, of the cases of “cyclic” or orthostatic albuminuria." 

Of the numerous theories dealing with the causation of orthostatic 


} 
{ 


albuminuria, that of a vasomotor instability stands out prominently to 
account for the typical cases. The work of Edel, of Loeb, and of Erlan- 
ger and Hooker gives direct support to this view. Loeb, Linossier and 
Lemoine, and Erlanger and Hooker were able to show that the kidneys 
in orthostatic albuminuria did not excrete the ordinary urinary con- 


stituents normally. Edel reached the conclusion that a low syst 


80. Luff: Brit. Med. Jour., 1909, i, 26] 

81. It is of interest in this connection to note that the case observed by 
Erlanger and Hooker was subject to eczema The attacks of eczema ceased, how 
ever, approximately coincidently with the natural disappearance of the albu 
minuria 

82. Ich bin somit je Linger je mehr in der schon vor Jahren von mir ausge 
sprochenen ausicht bestiirkt worden, dass, wenn nicht allen, so doch den aller 
meisten Fiillen von “evklischer.” namentlich orthostatischer (orthotischer Albu 


minurie ein leichter Reiz—oder enziindlicher Zustand in den Nieren igrunde 


liegt, welcher in Heilung iibergehen, aber auch bis zu einer diffusen chronischen 
Nephritis sich weiter entwickeln kann Senator: Deutsch. med. Wehnschr 1904, 


xxx, 1833 
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blood-pressure was an invariable concomitant of albuminuria. 


and Hooker were unable to observe any consistent relationship betwee 


the appearance of albumin and the systolic or diastolic blood-pressure o1 
the velocity of blood flow in the aorta. There was, however, an invat 

inverse relationship between the appearance of albumin and th 
litude of the pulse-pressure. Since, however, the behavior of 
the same 


control and in the albuminuric, ni p 


advanced that variations 


ine ol demarcation c 
The suggestion 


magnitude of the pulse-pressure might influence the oxygen sup} 


the renal epithelium, and inctioning properties. In t 
ase under observation, the pulse-pressure was un 


formly less than that 
the normal individual, and sh ls id the systolic and diastolic 
blood-pressures, a marked tendenc: be less stable. This tendency was 
repeatedly emphasized by attacks syncope during the perieds of 


observation. When we consider the phenomenal 


1 


sensitiveness ol tl! 
} e 1 P ee . 
normal kidneys of animals to t lightest alteration in their 


il 


it’ 


blood- 


supply (momentary clamping of the renal artery or vein, etc.), some 


support is added to the suggestion of a transient nutritional disturb- 
ance. Definite proof must rest, however, on the successful perfusion of 
the isolated kidney. 


a second similar 


ase, the results of which have not yet been published. It is of interest to 
state here that this recent work corroborates entirely that done with Dr. 
Erlanger. It may be of interest to state also that the patient studied by 
Erlanger and Hooker has entirely recovered from his albuminuria. 


Recently I have collaborated in the observation of 


That the albumin of orthostatic albuminuria and the post-exercise 
albuminuria first observed by Dunhill and Patterson may res !t from 


he same immediate cause, namely, a decrease of pulse-pressure, is indi 


cated by recent investigations of exercise on the arterial blood-pressure. 


Barach, Boyce and Savage determined the systolic and diastolic pressures 
na number of individuals before and after Marathon races.** In these 
7 


luals the urine was normal before the runs. After the exer 


urine contained casts, blood, albumin and acetone bodies. This 

n the urine was accompanied by a marked diminution in the 
amplitude of the pulse-pressure. In this laboratory shorter runs have 
observed to result in albuminuria. In these cases both systolic and 
liastolic pressures were greatly increased immediately after the exercise, 
systolic the more so that the pulse-pressure was increased. This 
increase gave way at once to a fall of both pressures accompanied by a 


83. Reported before the American Physiological Society, December, 1909. 
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PARATYPHOID CHOLECYSTITIS * 


RUSSELL L. CECIL, M.D. 


NEW YORK 


The striking similarity which exists between typhoid and paratyphoid 
fever holds true not only for their mode of onset and clinical manifesta- 
tions, but also as regards the character of complications encountered. 
Secondary paratyphoid infections of the bone, joint, testicle, middle ear 


and bladder have all been reported; while, according to Lorrain Smith,’ 


il 
17 


ntestinal hemorrhages occur in 5 per cent. of all cases. 

The frequency of typhoid cholecystitis would, therefore, warrant the 
expectation of often meeting gall-bladder disease in paratyphoid fever 
While this expectation may be warranted, I have been able to collect 
from the literature only six authentic cases of paratyphoid cholecystitis. 
Lorey*? reported a case of paratyphoid cholecystitis, Type B, in 1908, 
and asserted that he could find in the literature no other cases of that 
type which were entirely free from objections. 

In looking over the records of cultures taken from the last fifty-two 
cases of gall-bladder operation in the Presbyterian Hospital, I find that 
I isolated the colon bacillus sixteen times, the streptococcus seven times, 
Bacillus pyocyaneus and the paratyphoid bacillus once each. In the 
remainder of the cases the cultures were sterile. 

Schottmiiller? was the first to divide paratyphoid bacilli into two 
croups. This classification was based on definite cultural and biological 
differences and has received abundant confirmation. Brion and Kayse1 
designated the groups as Type A and Type B, the former turning milk 
slic] tly acid, the latter produ ing a iaint alkalinity - and each develop ng 
specific immune bodies. Infections with the Type A paratyphoid bacillus 
are rare, particularly in Germany. In America this type of paratyphoid 
fever occurs more frequently. Proescher and Roddy® have recently 


* From the Pathological Laboratory of the Presbyterian Hospital, New York 


1. Smith Allbutt and Rolleston’s System of Medicine, i, 1157 

2. Lorey Miinchen. med. Wehnschr., 1908, lv, 15 

3. Schottmiiller: Ztschr. f. Hyg. u. Infektionskr., 1901, xxxvi, 368. 

4. Brion and Kayser: Miinchen. med. Wehnschr., 1902, xlix, 611 

5. Proescher, F., and Roddy, J. A A Report of Forty-EFight New Cases of 


Paratyphoid Fever (Type A), THe JouRNAL, A. M. A., 1909, lii, 476 
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reported forty-eight cases of Type A infections from the Alleg 
eral Hospital. 
P 


The case of paratyphoid cholecystitis which I am about 


falls within the Type A group, and is especially interesting in th 


patient gave no history of a previous attack of typhoid or paratyp! 


fever. I am indebted to Dr. Eliot for permission to use the cl 
tory. 


Patient.—L. C., female, aged 25, married, admitted Nov. 23, 1908, to the first 
surgical division of the Presbyterian Hospital, complaining of abdominal pain, 
nausea and vomiting. Family history negative Personal history negative. 
Measles in childhood. No other acute illness. No history of typhoid or para 
typhoid fever 


Present History.—Two vears ag patient was suddenly taken with severe 


colicky pains in the gall-bladder region Attack was accompanied with vomiting, 
fever and slight jaundice About one year later, patient had another attack 
similar to the first. Since then she has been subject to frequent attacks. For the 
last three weeks she has been constantly ill. Pain is very severe, and radiates to 


back. Nausea, headache and fever are constant. 


Physical Examination Patient is fairly well nourished, but looks ill. Chest 
negative. Abdomen is soft except in the upper right quadrant, where there is 
some resistance. In the region of the gall-bladder there is a pear-shaped mass, 
moving with respiration, and slightly tender. lemperature, 101.5; leucocytes, 
12,600. Urine shows bil Clinical diagnosis, cholelithiasis. 


Operation—On November 25 a cholecystectomy was performed by Dr. Eliot. 
At the operation the omentum was found firmly adherent to the gall-bladder. 
Wall of gall-bladder was thickened; mucosa was swollen. Gall-bladder contained 
greenish semiviscid bile, and numberless smal] stones rhe bile-ducts were patent. 
An abscess containing two ounces of pus was found near the foramen of Winslow. 


Microscopically, the mucous membrane of the gall-bladder was partial] 


and the other coats were densely infiltrate with polymorphonuclear 


and lymphoid cells. 


Bacteriologic Examination ! the gall-bladder mu 
polymorphonuclear leucocytes and all yram-negative bacilli 
from the bile, and also from the interior of one of the stones, give 
of an actively motile, gram-negative bacillus. On agar, this organism form 
grayish-white translucent colonies Litmus milk is acidified, but thet 
coagulation after two weeks’ growth. Neither blood-serum nor gelatin ar: 
fied. In Dunham’s peptone solution no indol is produced. Broth becomes turbid 
but no pellicle is formed. Glucé broth, r cent., is fermented 
duction of a small amount of ¢ aech broth is free fron 
broth there is no gas In mannite b 1 there is a small bubble ; 
hours. One cubie centimeter of the twenty four-hour broth cult 
intraperitoneally, killed a guinea-pig in less than twenty-four 
tion tests with the patient’s own serum were carried out with a 


1 } 
he nit } 
ie results ¢ 


isms. Table 1 shows t 
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rABLE 1 AGGLUTINATION TESTS, PATIENT'S SERUM AGAINST 
VARIOUS ORGANISMS * 
Organism. 10 1-20 1-50 1-100 1-200 1-500 1-1000 2000 1-5000 
sacillus from patient 
}. paratyphosus, Schott 
muller A ‘ eee 


paratyphosus, Schott 
miille b , 


communis 


* Readings for the three k lilutions taken at end of one-half hour for high 
tions, two hours 


Che typhoid bacillus was not agglutinated, even by high concentrations of the 
patient’s serum The colon bacillus was not agglutinated The patient’s own 
organism was agglutinated up to a dilution of 1/200. Two other strains of para 
typhoid bacillus Type A, were agglutinated at a dilution of 1/100, both micro 
scopically and macroscopically Iwo strains of Bacillus paratyphosus, Type B, 
showed some clumping at dilutions of 1-10 and 1-20, but many of the organisms 
retained their motility. With higher dilutions the reaction was entirely negative 
On Jan. 2, 1910, 1 e.c. of a twenty-four-hour culture of dead bacilli from the 
patient was injected subcutaneously into a male rabbit. On January 7 it received 
0.5 ¢.c. of a living culture, and increasing doses every five days thereafter. The 
last two doses were given intravenously. At first the rabbit lost weight, but 
later he regained a considerable part of it. On Feb. 5, 1910, after having received 
seven injections, the rabbit’s serum was tested for agglutinins. Table 2 shows the 
results obtained. 


TABLE 2.—AGGLUTINATION TESTS WITH RABBIT’S SERUM * 
Organism 1-10 1-20 1-50 1-100 1-200 1-500 1-1000 1-2000 1-5000 1-10000 1 


Bacillus from patient.. 


B. paratyphosus, Schott 
miiller A : 


paratyphosus, Schott 
miller B 


typhosus 


li communis 


°0000 


* Readings for the three lowest dilutions taken at the end of one-half hour; for remaining dijutions, 


two hours 


Che patient’s own organism was agglutinated by a 1-5000 dilution of the rab- 
bit’s serum, while a stock strain of the paratyphoid bacillus, Type A, was agglu- 
tinated by a 1-10000 dilution of the same serum. Neither the patient’s serum nor 
the rabbit’s serum had any effect on the paratyphoid bacillus, Type B, the typhoid 
bacillus, or the Bacillus coli communis, except in very low dilutions of the serum. 
On December 12, seventeen days after the operation, the patient’s feces were exam 
ined for paratyphoid bacilli. Endo’s medium was used for the plates. No para 
typhoid bacilli were found. 


In the case just described we have the picture of a typical chronic 
cholecystitis, produced by an organism which corresponds in every way 
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PARATYPHOID CHOLECYSTITIS 


Lorey’s? case is similar to Pratt’s. A young man, 22 years old, giv- 


ing a history of typhoid fever two years previous to his attacks of gall- 
stone colic, underwent an operation. Four stones were found in the gall- 
ladder. Cultures from the gall-bladder mucosa showed a pure growth 
of the paratyphoid bacillus, Type 5. The patient’s serum agglutinated 


his own organism, as did also the serum from two cases of paratyphoid 


Evers and Miihlens' record the case of a woman, 38 vears old, who 
gave a history of three weeks’ illness, characterized chiefly by nausea, 
vomiting and diarrhea. Two days before the operation she was suddenly 
taken with colicky pains in the gall-bladder region, and severe icterus 

The 


There was no history of typhoid or paratyphoid fever. 


deve loped. 


gvall-bladder contained considerable pus and many small stones. A pure 


culture of the paratyphoid bacillus, Type B, was obtained from the pus. 
Several strains of this organism were agglutinated at a 1-200 dilution of 


the patient’s serum. The organisms were also found in the feces. It is 
interesting that another woman in the same pavilion developed gastro- 
nteritis shortly afterward, and the paratyphoid bacillus, Type 


B, was 


isolated from the stools. 
Zimmer has recently reported a case of paratyphoid cholecystitis 


I * examination of the feces. he 


which was diagnosed from a bacteriologi 


paratvphoid bacillus, ‘Type B, was isolated. This organism was agglu- 


tinated by the serum from a case of paratyphoid fever, but the patient’s 
serum failed to agglutinate his own organism. There was no surgical! or 


post-mortem examination in this case. 


Forster and Kayser’® examined the bile of or bacteria, 


i4s cadavers 
and found the paratyphoid bacillus only once, and that in a case of dia- 
betes mellitus. The gall-bladder contained two stones. The bile gave a 
ure culture of the paratyphoid bacillus, Type B, but cultures from the 


nterior of the stones were sterile. In this case there was no history of 


identitv of the bacillus was 


phoid fever or paratyp fever. The 
established by “the usual cultural and immunity reactions.” 


aratyphoid cholecystitis, several 


In addition to these six cases of } 


servers have found paratyphoid bacil 


li in gall-stones that showed no 


logical changes. 
Lil 16 as far back 1902. isolated the paratvphoid bacillus fro) 
abman,*” as tar back as 1VU%, Isolated the paratyphoid bacillus trom 


rall-bladder in a paratyphoid fever patient who was operated on for 


Evers and Miihlens Deutsch. Mil.-jirztl. Ztsehr.. 1909. xxxviii. 366 
Mitt. d. Gesellsch. f. inn. Med. u. Kinde in Wien, 1908, vii, 34. 


Zimmer d 
Miinchen. med. Wehnsehr., 1905, lii, 1473 


Forster and Kayser: 
Libman Jour. Med. Research, 1992, viii, 168 
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suspected gall-bladder disease. The gall-bladder was distended wit 
thick dark bile which could not be pressed out. After the operation, 


intense jaundice developed and the patient died on the following da 


1} 1 } 


At the autopsy, however, the gall-bladder and bile ducts showed no 
changes. 

Lucksch** has reported a case of paratyphoid fever that came to 
autopsy. Cultures from the bile showed the organism, but there were no 
inflammatory changes in the gall-bladder. 

The interesting features in connection with my case are the followin 

1. The absence of a history of typhoid or paratyphoid fever. Two 
hypotheses may be advanced in explanation of this: The attack of fever 
was a very mild one or the case was one of primary paratyphoid inf 
tion of the gall-bladder. Miiller* Blumenthal,’! Forster and Kavser. 
Churchman’® and others have reported analogous infections with th 
typhoid bacillus. In the cases of paratyphoid cholecystitis reported b 
Blumenthal, Evers and Miihlens, and Forster and Kayser, there was no 
history of any previous attack of fever. 

In this connection it is interesting to consider the cases of febrile 
icterus in which there have been found lutinins for the typhoid, para- 


ace 


typhoid and other intestinal bacteria. Rostoski,?° for example, s 
forty-one cases of icterus, and found that the serum from almost half of 
them agglutinated the typhoid bacillus. Some observers, such as 
Rostoski, and Liidke.*! believe that the reaction is often due to molecular 


changes in the blood, but Christian** thinks that the phenomenon when 
actually present is caused by an infection of some part of the biliary 
tract. Netter and Ribadeau-Dumas** have reported sixteen cases of feb 


{ 


rile icterus, in fourteen of which the paratyphoid bacillus, Type A, was 


agglutinated by high dilutions of the patient’s serum. Of the tw 


remaining cases, one agglutinated the Type B of paratyphoid bacillus, 
and the other Girtner’s bacillus. These observers consider the para- 
typhoid bacillus, Type A, the predominant exciting agent in febrile 


icterus, 





2. Another interesting feature olf the cass which | have just reported 
was the marked agglutinative power of the patient’s serun Inad 
17. Luckseh: Centralbl. f. Bacteriol., 1903. xxxiv, Abt. I, Orig, 115 
18. Miiller: Ztschr. f. Heill 1905, vii, 310 
19. Churchman: Bull. Johns Hop. Hosp., 1909, xx, 89 
20. Rostoski: Sitz-Ber. d phys-me 1. Gesellsch., Wiirzburg, 1004, p. 60 
21. Liidke: Deutsch Arch. f. klin. Med 1904. Ixxxi, 34 
22. Christian: Boston Med. and Surg. Jour., 1907, elvi, 536 
23. Netter and Ribadeau-Dumas Compt. rend. Soe. de Brol., 1905, Ivi 36 


450. 





YPHOID CHOLECYSTITIS 


Hop. Hosp., 


1905, xxxix, Abt. I, 


1891, ii, 














: 
a 
: 
: 


| 
circulation and reach 


} 
} 


a 


the com! duct had ne¢ 
ments that the ba - 
il then passe¢ nto the e 

( olanza is rece 
etrated the presel , ty} 
( =Tl¢ ct uA e 0 ] 
sma ntesting ifter 14 

I. Ko 

tis l = 
: ‘ . 

{ ? 
the g adder , ? i 

t Y 
1 [ 

( ‘ aaiasl 

Koc C} irl 1s¢ 

evel il eight cases 
two these ases owt 

inges Chiari could 
smaller ylood-vesse Is and 
vhen it did occur, was 

Forster? takes the sai 


ly 


are taken up by the liver 


- 


26. Chiarolanza: 
Ztschr 
Verhandl 


27. Koch, J 
28. Chiari 


29. Forster 


Ztsehr 


f 


Miinchen 


RUSSEL! 


no t 

~ 

f + 

O 

VveT 

Ve ( I 
ne oO t 
rn) { 
was 1 


naratvphoid bacilli are taken into tl 


n ph-g and 


I 


luring the period of incubation. Lat 


Dorr ¢ 
y ? ‘ 
‘ 
T t 
y 
: 
r 
t it 
oO 
{ Oy} 
W re 


syste] 
where 
ter the 
oT! O 
) 
! " 
( in 
( = 7 t 
s mode 
inza Can 
the mode 


; ] 
LO0OS 


Cesellsch 


18. Iwi 


xii, 


LO07 


X1 














A CASE OF INFANTILISM WITH ABSENCE OF THYROID AND 
TUMOR OF PITUITARY 


ISAAC I. LEMANN, M.D 
AND 
ROY M. VAN WART, M.D., C.M 
NEW ORLEANS 


The relation of disease of the hypophysis cerebri to certain forms 
of gigantism and acromegaly has been long known and widely confirmed 
clinically. We have only begun to realize the wide variety and numerous 


combinations of symptoms attributable to pathologic conditions of this 


} 


little body. Its function is still more or less a mystery, and our idea 
of its histologic structure has only recently been thoroughly defined. 
Theories of the effect of its internal secretion on general metabolism have 
been widely divergent. Clinical observations when correlated with path 
ologic findings have often seemed to lead to contradictory conclusions 
The era of experimentally produced and scientifically controlled lesions 


has just begun. With the accumulation of data from this source and 


} 


from the sharpened clinical observations, we may expect soon to have an 
immense light thrown on this most mysterious of all the mysterious duct- 
less glands. With the hope of adding something toward this result, we 
wish to report a case which we think presents some new and unusual 
features. 


REPORT OF CASE 


Personal History rhe patient is a white woman, aged 24, a native of Missis 
sippi and resident there all her life. Her present complaint is of periodic head 
aches from two weeks to six months apart. She was perfectly well as a child; 
had measles at 17 years; has never menstruated She stopped school between 


17 and 18 years of age because of her health. Up to that time she had stood well 
in her classes Her physician, Dr. ¢ R Stingily of Pelahatchie, Miss., writes 
that she was unusually bright as a child. She has never had ground-itch 

Family History.—Her father and mother are living and well at the ages of 
67 and 62, respectively. She is small and slight but fully developed I'wo sisters 
have died, one of typhoid and one of pneumonia. One brother died in childhood 
Four brothers are alive and well. One sister is living and has five children rhe 
brothers and sisters were perfectly developed 

Present Illness The patient broke down at school six years ago and had to 
be sent home because she was nervous. After she came home she soon beame well 
and went to work in the postoflice until June, 1908 In this month she had an 
attack of fever for three weeks. It was a very slight illness and the fever was 
always below 102. There was no delirium Dr. Stingilvy savs that “troublesome 


eye symptoms were the first to attract attention. Then followed headaches, which 
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more intense every month.” The patient says 


frequent during the last t years, but h 


They would usually 
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deep sleep but 
uld not alw 
to her that 
al Exar 
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cement ty except 
ckening of the costal rtilag pubic 
ud is shor herv norm No ma ; 
is not palpabl J al. Heart normal; pulse 
ut not measured. ple ! palpabl Liver not palpablk 
Uterus is infantile. Ovaries not palpabl 


asurements: 


Height, 5 feet 2 inches 
Head Fronto-occipital circumference 
Mento-occipital circumference, 
Chest At rest, 25 inches. 
Full inspiration, 26% inches. 
Full expiration, 2344 inches 
Arm, 12% inches. 
Forearm, 105¢ inches 
Thumb, from wrist to tip, 45g inches 
First finger, from wrist to tip, 644 inches 
Second finger, from wrist to tip, 7 inches 
rhird finger, from wrist to tip, 65 inches 
Fourth finger, from wrist to tip, 57% inches 
inches 


Circumference at anterior great trochanters, 2754 inches 


Pelvis Cireumference at anterior superior spines, 2614 


From anterior superior spines to internal condyle, 18% inches 
From symphysis pubis to ground, 14 inches 
Blood Examination: Hemoglobin, 85 per cent 
Red blood cells, 4.800.000 to the ec. mm 
Leucocytes, 6,200 to the ¢. mm 
Differential Count 
Polymorphonuclears 
Large lymphocytes, 13 
Small lymphocytes, 18 


rransitionals, 7.7 


Eosinophils, 1 
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rT iallv inereased to grs. xx daily vir the patient has been taking for five or 
SIX aayvs No change 
lune 16, 1909 Ihvroid reduced to 6 grains daily 
June IS, 1900 The patient has been feeling weak has had slight headache 
two or three days This started after perimeter examination on June 14 


allowed to go home Thvroid stopped Pituitary extract recommended 


Patient 





















Fig. 2 Radiogray of long bones, showing lack of ossification of epiphyses 
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Dr. Stingily writes “Patient seemed better than when she 
irned Under the pituitary extract her pulse has been reduced to 96 sitting 


ind 9S standing, with an appreciable increase in volume and pressure. She now 
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\ tru of Case \ woman ot 24 ears, Infantile in tvpe and very poorly 

d. presenting no evidence of acromegaly or gigantism Radiographs of 

e long bones show failure of ossification of epiphyses Absence of sexual devel 

pment Arterial hypotension Bitemporal hemianopsia Intracranial pressure 

na ited only by frequent headaches Athvreosis Radiograph of skull shows 
enlarvement of sella ture i 
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534 BOOK REVIEWS 


The same subject is occasionally discussed by two or more authors and differ 
ing opinions are sometimes expressed. For example, Minor and Ravenel disagree 


as to the use of the Gabbett stain, Ravenel describing it on page 16 as “a very 


convenient method for the practitioner.” Minor, on page 330, states that the 
method is “uncertain and should never be used.” Ravenel states on page 35 that 
‘the digestive tract is an important if not the most important avenue of entry for 
the tubercle bacillus.” Von Pirquet on page 143, states that “this route seems to 
play a very insignificant réle.” In administering tuberculin, Minor recommends 
“driving the needle vertically into the muscles up to its socket, which avoids all 
veins and is less paintul than the subcutaneous method” (page 342). Brown, on 
page 523, insists that the tuberculin “should be given subcutaneously.” 


Not only is such contlict of ideas exhibited by different writers, but incon 


sistencies by the same author occasionally appear Thus Brown, on page 532, 
states that an increase of cough and expectoration following the administration of 
tuberculin “is not the writer's experience . In many instances both cough and 
expectoration are reduced following the injection.” On page 553 she Says, “The 


cough and sputum are frequently increased after tuberculin.” 

\ curious feature of the book is the mass of “Addenda” which is taken from 
the published abstracts of papers presented at the International Congress on 
Puberculosis Some of this is quite irrelevant to the subject-matter of the 
respective chapters The book would have been materially improved had the 
editor taken pains to institute a selective review of these abstracts and inco 
porated those worthy of inclusion in the text in their appropriate places. 

Among the important omissions may be noted the absence of any description 
of tuberculosis of the pleura, tuberculosis of the mediastinal and mesenteric 
glands, tuberculosis of the appendix or of the gums, tongue, and palate. It is 
singularly unfortunate that there should be no discussion of the etiology, path 
ology, course, symptoms or diagnosis of pleurisy, either existing alone or as a 
complication of pulmonary tuberculosis rhe whole subject of empyema is dis 
posed of in six lines, and pneumothorax in a very few lines, while no mention is 
made of pneumopyothorayx \ book of this seope should contain a thorough and 
comprehensive consideration of general miliary tuberculosis. While the pathology 
is ably diseussed by Dr. Hektoen, the clinical features of the typhoid and pul 
monary types are described very briefly in another portion of the book. Meningeal 
tuberculosis is not discussed, save from a purely surgical standpoint by D1 
MeArthur The reviewer is unable to find any reference to the research work at 
the Phipps Institute 

Notwithstanding these regrettable omissions the book bears evidence of most 
consistent “padding” throughout This is repeatedly shown by the blank portions 
of the pages at the end of each chapter, by the unnecessary spaces allotted to 
tables, charts and diagrams. and by the character of the illustrations. As a single 
example ot the padding to which the publishers have resorted the reader is 


referred to page 749, nearly all of which is unfilled, and to the following page 


750, on which two short paragraphs are permitted to constitute an entire chapter 
Another instance which is similar to several throughout the book may be found 
on page 387. four-fifths of which are blank, and all of the three following pages 

\ few of the illustrations are worthy of commendation, notably the radio 


graphs of different stages of pulmonary tuberculosis, the figures in the chapter 


on “Tuberculosis of the Bones and Joints.” and Plates IT and III. There are but 
three colored plates, two of which are original rhe illustrations of pathologie 
specimens are not especially good. Ten complete pages are devoted to the show 


ing of thirty-eight charts of various stages of tuberculosis Many of the illustra 
cions, particularly in the chapters on prophylaxis, appear of but slight, if any, 
practical value. Some of these have already appeared several times in former 


articles. It is difficult to conceive how any special lesson can be imparted by the 
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picturing of ordinary baskets, shovels, spades, forks and pickaxes, made use of by 
pulmonary invalids. In Appendix VII, entitled, “Devices for the Prevention of 
Fuberculosis,” are found from pages 832 to 853, 60 illustrations representing vari 
ous kinds of cuspidors, pocket-flasks, suction-masks, reclining-chairs, portable 
cots, tent frames, etc reminding one of the advertising catalogue of a surgical 
instrument house 

In reviewing the various chapters attention can necessarily be directed to but 
a few features rhe introductory articles by Drs. Osler, Trudeau and Biggs can 
not fail to be of interest to the reader, who, however, must experience a degree of 
disappointment in their extreme brevity, Dr. Osler’s contribution consisting of 


eight pages of historical matter, Dr. Trudeau’s two and one-half pages, and D1 








> about one and one-half pages 

Chapter I, on “The Tubercle Baéillus.” by Dr. Mazyck P. Ravenel, is espe 
cially good and constitutes one of the excellent features of the book It is to be 
regretted, however, that a most important subject The Transmissibilitv. of 
Bovine Tuberculosis to Human Beings,” is disposed of in a page and one-half 
among the “Addenda.” Dr. Ravenel’s discussion is largely confined to a_ brief 


reference to the “conference in camera” at the International Congress on Tube 


culosis at Washington. Ile does not present a comprehensive report as to the 
present status of this vitally interesting question The reviewer suggests that 
confusion may arise from using the term “pseudotubercle bacilli” as synonymous 
with acid-fast bacilli Under “The Mode of Invasion” no reference is made to 
Svensson’s recent experiments The names “Twichell” and “Hideyvo” are mis 
spelled, 

Chapter I], on “Tubercle and Morbid Anatomy,” by Dr. Ludwig Hektoen, is 


admirably presented, and is indeed one of the strongest articles 

Chapter III, entitled “Resistance, Predisposition and Immunity,” by D1 
Edward R. Baldwin, is an able, concise review of the subjects as might be expected 
from this writer. The name “MacFadyean” is misspelled 

The chapter on “The Frequency of Tuberculosis” is written by the editor, Dr 
Klebs. Several pages are devoted to the insertion of tables and diagrams taken 
from the twelfth United States Census Reports. The treatment of the subject is 
somewhat elementary Little attention is paid to grammatical construction, an 


instance being noted in the incorrect English in his very first sentence 


the chapter on “Tuberculosis Among the Dark-Skinned Races of America,” by 
Dr. Thomas D. Coleman, is of considerable interest, but exhibits evidence of hasty 
preparation, \ large proportion of the text concerning tuberculosis in the Indian 
Is composed of quotations trom other writers 

rhe chapter on “Frequency of Tuberculosis in Insane Asylums,” by Dr. Rich 


ard C, Hutchins, is interesting, well written and suitably illustrated. 


The chapter, “Tuberculosis in Childhood,” by Dr. Clemons von Pirquet. com 
prises seven pages of material, for which the editor adopts a semiapologetic tone 
in the footnote by stating, “This article does not undertake to review the subject 
systematically.” Nevertheless the contribution, although of a brief introductory 
nature and inserted in the general symptomatology, is of much value. It is unfor 


tunate, however, that in a book of this size so important a subject as tuberculosis 
in childhood is net accorded more complete and systematic treatment 

The chapters on “Symptomatology of Pulmonary Tuberculosis,” “Physical 
Examination” and “Diagnosis.” by Dr. Charles L. Minor, are worthy of detailed 
mention. Much that he has written is excellent, although the arrangement is not 
always as logical, or the manner of presentation as clear, concise, and forcetul as 
might have been expected. The author has in many instances made references to 
the literature instead of giving the results of his own personal observation. For 
the general practitioner this detracts from the value of the contribution Di 


Minor devotes much time and space to the physical signs of early tuberculosis, 
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without due and proper emphasis on those features which are of the most common 
occurrence and of chief importance The article on the Roentgen ray is especially 
interesting, as are also those on the blood and metabolism Much valuablk 
information may be obtained through perusal of the article on “Objective Signs” 
and the chapter on “Physical Examination.” ‘lhe attention to detail exhibited in 
the examination of the patient cannot be too highly commended \ review of Ir 
Minor’s articles, howeve) whiecl 


comprise a large portion of the book, must 
nelude mention of some inaccuracies of statement and a few omissions I hese 
detects are not always of a very serious nature, and it is of course impossible in 
a contribution of this length to expect that mistakes can be entirely avoided 


It is not always true that the tuberculosis which develops after preg 





mney Is 
necessarily of an acute, rapidly advancing bronchopneumonic type as implied. On 


156 the author lays too much stress on the undue dyspnea and cyanosis “as 





the two most typical symptoms” of the typhoid type of miliary tuberculosis 
These manifestations may be quite insignificant in the typhoid variety, but repre 
sent the two most characteristic features of the pulmonary type of miliary tuber 
culosis. On page 157, Dr. Minor describes the “bronchopulmonary form” as begin 
ning with a “not very diffuse bronchitis showing isolated areas of catarrh of the 
fine tubes.” In general the initial physical signs relate to a very widely diffused 
bronchiolitis, the chief distinguishing feature being the distribution of very fine 
riles throughout the entire bronchial tract On page 169 Dr. Minor advocates 
the use of the coal-tar antipyretics for fever, which is not in strict accordance 
with modern ideas. On page 197 he says, “Dysphagia is practically never present 
in early cases of tuberculous laryngitis.” Such a statement is, obviously, incor 
rect, as this symptom depends entirely on the location and character of the tuber 
culous process in the larynx. In cases of early ulceration of the epiglottis and 
aryvtenoids the dysphagia may be the very first subjective manifestation of laryn 
geal infection. On page 202 he says, “Laryngeal cough is easily recognized by its 
paroxysmal nature, dryness, great intensity and peculiar timbre.” This statement 
needs considerable modification as the differentiation of laryngeal coughs from 
those dependent on other conditions is hardly as simple as described. On page 


216 he speaks of the premonitory streaking of the sputum with traces of blood 


les the bleeding for some days, and advocates blistering over the 


which often preces 
site of congestion in order to avert later hemorrhage. Waiving any criticism of 
the rationale of such a procedure, attention is ealled to the frequent impossibility 
of recognizing the “site of congestion” over which blisters may be applied. Exam 
ination of the chest at such a time should be avoided. On page 217, septic aspira 


tion pneumonia following hemorrhage is disposed of in three lines in which appear 


the statement that “the fever continues without remission until it clears up.” It 
is well known that this form of pneumonia rarely “clears up,” but is in most cases 
fatal The statement, therefore, that “if dissemination follows the pneumonia 
the temperature persists” is subject to some criticism rhe author appears to 


exaggerate the value of mensuration, which many clinicians believe to be of but 
slight practical utility No mention is made of the very considerable variation 
in the chest expansion according to the type of respiration in individual instances 
the position of the diaphragm as ascertained by abdominal measurements evi 
dently being regarded as a negligible factor On page 266 it Is stated that 


metallic tinkling “is only found 


n pneumothorax and large cavities.” Metalli 
tinkling is seldom, if ever, recognized in pure pneumothorax, but chiefly when there 
is liquid as well as air in the pleural cavity or in large pulmonary cavities. On 
page “67 the author states that the amphori voice is most typically heard in 
pneumothorax, and, like amphorie breathing, if pneumothorax can be excluded it 
is a positive sign.” He undoubtedly means that the amphoric voice is a positive 


sign of cavity formation provided pneumothorax can be excluded. His statement, 


however, that it is most typically heard in pneumothorax needs qualification, as 
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it is capable of recognition especially in the open type rather than in the valvular 
or closed variety On page 285 the author is again careless in his use of the term 
“pneumothorax,” describing a typical fluoroscopic picture of pneumopyothorax, but 
referring to the condition as pneumothorax rhe author neglects to differentiate 
the various types of this condition, and on a later page speaks of the sudden 
dyspnea, the cardiac dislocation, the bulging chest, the amphoric breathing, the 
tympanitic resonance and the large resonant rales. It should be remembered that 
the amphorie breathing and large resonant rales are recognized only in the open 
variety and that in such cases the bulging chest, which is present in the valvular 
tvpe, is not found. It is impossible to conceive of all these symptoms and signs 
as being present in a single case. When the dyspnea is well marked and becomes 
progressively worse the bulging may be very apparent and the cardiac dislocation 
pronounced, but in such cases there is no continuous open communication with a 
large resonant rales, but, on 


bronchial tube, and hence no amphoric breathing o 
the other hand, marked diminution of the intensity of the respiratory sounds. On 
page 330 the author states that the smegma bacilli “decolorize easily in aleohol.” 
Ihe decolorization of the smegma bacillus in alcohol is not always so easy as 
might be inferred, some observers insisting that the absolute differentiation from 
the tubercle bacillus is sometimes possible only by means of Inoculation tests. On 
page 355 it is stated that “tuberculosis, when cavities are present, is also always 


bilateral.” 


here are also noted some omissions. On page 152, in the description of fibroid 
phthisis, no mention is made of emaciation, which is an almost invariable feature 
Dr. Minor omits all mention of the meningeal form of miliary tuberculosis In 
discussing the so-called inverse type of fever it is not stated that this is oceasion 
ally an accompaniment of miliary involvement On page 184 the author brietly 
considers tuberculosis of the pharynx but without description of the characteristic 
appearances of tuberculosis of the soft palate or tongue Hie states that the ton 
sils “show no special ocular changes.” Under the subject of gastric or intestinal 
symptoms the psychoneuroses in dyspeptic consumptives are not discussed. Dh 
Minor properly speaks of mapping out the stomach in many invalids, but the 
reader is not informed that this is often difficult and the results uncertain No 
allusion is made to the use of bismuth and the utilization of the «-ray for this 
purpose rhe author overlooks the fact that the frequent annoyance occasioned 
by the presence of tenacious mucus in the air-tubes is sometimes alleviated by the 
judicious administration of the iodids On page 330, Dr. Minor discusses “diag 
nosis by means of animal inoculations.” He negleets, however, to mention the 
recent work of Bloch in extirpating the regional lymph-glands at the end of two 
weeks, their crushing and subsequent examination for tubercle bacilli. He also 
fails to allude to the experiments of Larrier, Ronzoni and Hirschborn, who effected 
a considerable saving of time by injecting suspected material into the mammary 
glands of guinea-pigs and rabbits which were suckling their voung 


The style may at times be subject to criticism, as for instance the following 


expressions: “The feverishly bright eves looking at us for help from the bottom 
of deep pits” (page 151); page, 172, “The whole body seems filled with ‘tired 


ness.’ If the patient lies down to rest weariness seems to run through his limbs 
They ache with fatigue and seem to pin him to the bed.” The writer’s sentences 
are sometimes of such length as to suggest a lack of terminal facilities. as for 


sa sentence of over ten lines, one of seven and another 


example on page 325 there 
of eight lines 
The grammatical construction is oceasionally incorrect, as for instance, page 


162, “more absolutely accurate,” page 313, “most perpendicular.” Adventitia” 
is misspelled 
Let it not be understood that Dr. Minor’s contribution as a whole possesses othe 


than a high order of merit Notwithstanding the defects to which attention has 
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been called, many portions of his articles are exceedingly good and deserving of 
very favorable comment. In view of the importance of these chapters and the 
fact that they represent so much of the text the reviewer has felt constrained to 
devote disproportionate space to their consideration. 

Baldwin’s article on “Individual Prophylaxis,” although brief, is interesting 
and in general well written. 

The chapter on “Public Measures in the Prophylaxis of Tuberculosis” is writ- 
ten by Dr. S. A. Knopf, and contains much of interest to the laity as well as to 
the profession. His contribution, however, in the way of subject-matter and illus 
trations represents much that is taken from his previous papers. In addition, out 
of 90 pages, approximately one-third consists of quotations from articles by other 
writers. The inspection of food-supply is briefly treated, while the sanitation of 
workshops, factories, etc., is dismissed in a few lines, most of which are devoted 
to the advocacy of securing proper receptacles for the expectoration. 

The chapter on “Specific Treatment,” by Dr. Lawrason Brown, is of especial 
interest and value, but the reviewer is unable to agree with a few statements of 
the author. He states on page 543 that “a tendency to hemoptysis is no contra 
indication” for the administration of tuberculin. Dr. Brown’s experience is at 
variance with that of some clinicians in this respect. Even slight but frequently 
recurring hemorrhages should at least compel the utmost caution in the adminis 
tration of tuberculin if not its discontinuance. He says, “If tuberculin be of value 
for patients failing to improve under other forms of treatment it is of much more 
value for patients in incipient stages.” In the opinion of the reviewer it cannot 
be assumed that because this agent is occasionally of benefit to selected patients 
having failed to respond to other measures of treatment, it must necessarily be of 
value to all patients in the incipient stages regardless of important considerations. 
Dr. Brown states on page 545 that “members of phthisical families even though 
they present no signs or symptoms of disease are often benefited by tuberculin 
(Sahli).” It does not appear that our knowledge regarding tuberculin therapy is 
thus far sufficient to justify its widespread administration to individuals exhibit- 
ing no manifestations of disease. On page 555 the author states that “all forms 
of surgical tuberculosis are apparently benefited by small carefully selected doses 
of tuberculin when the patient is in a suitable condition to take tuberculin.” This 
does not obtain with reference to tuberculosis of the cecum and the appendix. In 
such cases the diarrhea and other abdominal symptoms are likely to be aggravated 
very materially by the administration of tuberculin. Even tuberculosis of the 
cervical glands, the epididymis and testis, although occasionally benefited by this 
agent, are not infrequently influenced quite unfavorably. These conditions repre- 
sent important forms of surgical tuberculosis and are so included in Part VI of 
the contents. In speaking of tuberculin on page 557 Dr. Brown says, “The results 
in a large number of selected patients can be said to be practically always favor- 
able.” On page 565 he says, “The present status of tuberculin may be expressed 
in a few words. Tuberculin when properly given does no harm,” ete. It is sug- 
gested that these statements should be somewhat modified. It should be made 
clear that the indiscriminate use of tuberculin by the general practitioner as a 
routine method of treatment of pulmonary tuberculosis is an extremely unwise 
procedure. Dr. Brown makes no mention of the effect of tuberculin on the dys- 
menorrhea of tuberculous women. Bacterial vaccines, to which the attention of 
the profession has been directed during the past few years, are dismissed in three 
lines in which the author states that they have been employed, but gives no 
results of personal observations or of the experience of others. Among other 
“false specifics” he fails to allude to the so-called “mercury treatment” which, in 
view of its rather unfortunate use at the present time among general practition- 
ers, should at least be commented on in a book of this description. Instances of 
incorrect English are occasionally noted. The name “Maffucci” is misspelled. 
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The chapter on “Specific Therapeutics” is written by Dr. Gerald B. Webb and 
is of much interest. In his published results of 50 cases of patients inoculated by 
the author with homologous vaccines prepared from the mixed organisms he fails 
to give any description of the cases. The reader is left in doubt as to whether or 
not these were febrile and advanced phthisical patients, exhibiting clinical mani 
festations of septic absorption, or whether the administration of the vaccines was 
based on the mere fact that the mixed organisms were found in the sputum 
regardless of the stage of the disease or its degree of activity. No mention is 
made as to the condition of the patients, the length of residence in Colorado 
Springs, the effect of climatic change or the previous results of hygienic and diet 
etic methods of treatment. 

The chapter on “Hygiene, Diet and Open Air in the Treatment of Tuberculosis” 
is by Dr. Thomas D. Coleman. The views expressed as to the management of the 
disease are for the most part rational and in accordance with modern ideas. There 
is exhibited, however, some carelessness in construction. On page 610 Dr. Cole 
man says, “With reference to cuspidors, while they are frequently spoken of in 
derision as an American invention, the writer, as an American, is glad to acknowl 
edge their paternity.” It hardly appears that “paternity” is a proper word to 
use with reference to cuspidors. Of much more importance, however, are a few 
misstatements and omissions. On page 631 the author says, “No incipient and 
few advanced cases of tuberculosis die from the immediate effects of hemorrhage.” 
No indications or contraindications are given for the performance of aspiration. 
He states on page 637 that “in the case of empyema the pus should be removed as 
soon as the diagnosis is made.” The reviewer believes that this is not always 
rational, but that the course of treatment should depend largely on important 
modifying circumstances. The author says, “In the majority of cases this may be 
effected by making a free incision in the midaxillary line between the sixth and 
seventh ribs and introducing a drainage-tube.” ‘The reviewer contends that the 
incision must be made over the site of the circumscribed empyema, which may 
vary within wide limits among pulmonary invalids. Satisfactory drainage can 
rarely be secured by a simple incision between the ribs and the introduction of a 
tube. Dr. Coleman says, “In some cases the space between the ribs is too narrow 
to admit a drainage-tube of sufficient size. Then two or more ribs must be 
resected (Estlander’s operation).” The reader should be informed that the resec 
tion of a single rib is usually sufficient for the purpose of simple evacuation and 
drainage, and that multiple rib resection is demanded for an entirely different pur 
pose, i. e., the obliteration of the pus-secreting cavity, this operation being indi- 
cated only after the lapse of many months. No mention is made of the aspiration 
of air in the valvular type of pneumothorax. The subject of rest and exercise is 
summarily dismissed by referring to the routine method employed at the Frimley 
Sanatorium. In the management of “Night Sweats,” page 629, the author advises 
the use of “atropin as on the whole yielding the best results.” Allusion is made 
in one and one-half lines to the employment of gelatin in the treatment of pul 
monary hemorrhage. No explanation is given, however, as to the proper manner 
of its administration, and no caution as to the possibility of inducing tetanus. 
There appears no discrimination in the treatment of pulmonary hemorrhage 
according to the size or severity. The treatment of insomnia is very brief, relat- 
ing largely to the administration of a few drugs. “Empiric” is misspelled, page 
633. 

Despite the instances cited, Dr. Coleman’s article is exceedingly interesting and 
contains much of value to the general practitioner. 

The chapter on “The Sanatorium” is written by the editor. The article on 
“The Selection of the Sanatorium Site” is pertinent, and of value to those inter- 
ested in the construction of these institutions. The author is unfortunate in the 
use of the relative pronoun (“The numerous sick which,” page 642). 
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The article on Physiology of Climate,” by Dr Henry Sewell is scholarly, 


scientific and of marked value There is shown a commendable familiarity with 
the literature of the subject and a well-poised understanding of the various prob 
lems discussed 

In the excellent chapter on “Climatic Therapeutics,” Dr. Barlow deals with 
the historical aspects of climate, enumerates the principal types, discusses the 
general utilization of climatic treatment in open and closed resorts, and then pro 
ceeds to a review of resorts His description of the different regions is perfectly 
fair 

rhe several chapters on “Surgical Tuberculosis” by Dr. Leonard Freeman and 
Dr. L. L. MeArthur are of much interest and exceedingly well written. In view of 
the importance of the subject and the limited space permitted to present a con 
sideration of the surgical complications the writers are to be congratulated on the 
onciseness of their articles. The newer surgical procedures designed for the relief 
of pulmonary invalids are not discussed 

Owing to the large number of contributors and the varying merits of the dif 
ferent chapters it is extremely difficult to characterize adequately the production 
is a whol Generalizing statements are obviously unfair, and therefore in justice 
to all it has seemed best to review the book by separate chapters Dy spite a poor 
arrangement, important omissions, a few inconsistencies and contradictions, the 
absence of unity of thought, the character of the illustrations, and the many 


instances of incorrect grammatical construction, the book contains a fund of valu 


able information rhat so many inaccuracies of expression should be overlooked 
by the editor is quite reprehensible Inasmuch as the volume represents a series 
of very interesting articles by men eminently quia lite 1 to diseuss the various 


t as a desirable addition to the 


phases of tuberculosis the reviewer commends 


literature on the subject 





























INFLAMMATION* 


EUGENE L. OPIE, M.D. 


NEW YORK 


The obvious causal relationship of bacterial infection to inflammation 
has tended to obscure the broader significance of the inflammatory reac- 
tion. An immense number of sterile substances, both fluid and solid, 
soluble and insoluble, organic and inorganic, incite a reaction which 
differs in no essential respect from that which follows the invasion of 
micro-organisms. Even so-called physiological salt solution introduced 
into the body may cause acute inflammation ; absorption of a protein such 
as egg albumin or of a fatty substance such as sterile olive-oil is in part 
dependent on the same process. Views concerning the nature of inflam- 
mation are widely diverse, but all are agreed that inflammation accom- 
plishes the destruction and solution of a variety of substances, and notably 
of those proteins which form the bodies of parasitic invaders. 

Although absorption from the tissue, so-called parenteral resorp- 
tion, is made possible by processes which resemble those occurring within 
the digestive tract, recent compendiums of biochemistry are almost silent 
concerning the nature of such processes and limit their discussion to a 
consideration of the part of filtration; osmosis, and the secreting activity 
of lining membranes. The pathological problems are unfamiliar to the 
physiological chemist, and the pathologist is poorly prepared to solve 
them. 

It is well known that there is no agreement on what shall be regarded 
as inflammation, and some have wished to discard the word. I shall 
cite historical data with the sole purpose of showing that its historical 
associations offer little aid in determining its application; that accepted 
usage furnishes no more definite criterion. 

The cardinal symptoms of inflammation—heat, pain, redness and 
swelling—described by the classical writers, have reference to inflamma- 
tory conditions affecting the surfaces of the body; perhaps well illustrated 
by erysipelas or by a boil. By a series of analogies the term has been 
applied to changes in the internal organs which exhibit, in some instances, 
none of these symptoms. Virchow, in the “Cellular Pathology,” shows 
that each one of the cardinal symptoms at some period has been used as 
a test of the true nature of inflammation. The name, which implies tak- 


* Presented before the Harvey Society, New York, Feb. 19, 1910. 
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ing fire, shows that the early writers attached greatest significance to the 
increased heat of the inflamed part. At a later period, the condition of 
the blood-vessels indicated by congestion and redness, attracted more 
attention, and Boerhaave taught that inflammation was the result of 
stasis caused by obstruction of blood-vessels. This view prevailed during 
the period when, in France, pathological anatomy was studied with great- 
est industry. Ponfick cites the aphorism of Cruveilhier: “Phlebitis 
dominates pathology.” Yet Cruveilhier defines inflammation as a blood- 
stasis in the capillaries which is associated with exudation at times of 
coagulable lymph, at times of pus, perhaps finally, of caseous or tuber- 
culous substance. As a criterion of inflammation, accumulation of exu- 
date received increased attention, and the swelling or tumor of inflamma- 
tion held a predominant place in the views of Rokitansky. 

The experimental studies of Cohnheim inaugurate modern views on 
the nature of inflammation. Inflammation is the reaction which follows 
an injury affecting the wall of blood-vessels ; increased permeability facili- 
tates the escape of plasma and corpuscles into the surrounding tissue. 
Attempts to study the effect of various injurious substances upon a tissue 
devoid of blood-vessels, such as the cornea, have shown that well-known 
inflammatory changes occur in the adjacent vascular tissues and hence 
flood the injured part with exuded fluid and corpuscles. 

Most of the substances which act as inflammatory irritants cause 
obvious injury to tissues with which they come into contact. At first 
sight it may appear unimportant to decide whether injury to tissue, 
including its blood-vessel, is the stimulus which puts in motion the 
numerous processes grouped as inflammation; or if the irritant itself 
acts directly on the structures with which it is in contact, and attracts 
to itself elements of the blood or of the tissues capable of neutralizing 
or destroying its toxicity. The decision will modify any interpretation 
of the phenomena of inflammation. One group of writers who have 
regarded injury to tissues as the inciting cause of inflammation, have 
included within its domain all those phenomena which tend to restore 
to normal the injured part; formation of fibrous tissue replacing 
elements which have been destroyed becomes a part of the inflammatory 
reaction. Inflammation is regarded as a process adapted to diminish 
the harmful consequences of an injury. This is the view expressed by 
the well-known definition of Burdon Sanderson ; it represents the opinion 
maintained by Cohnheim, Weigert, Ziegler, Neumann, Letulle, Adami. 
Another group of writers, including Leber, Metchnikoff, Marchand, Rib- 


bert, Councilman, Klemensiewicz, regard inflammation as a _ reaction 


excited by the presence of something injurious to the tissues; inflamma- 
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tion is adapted to counteract and destroy the injurious substance. Study 
of the phenomena by which bacteria are destroyed and dissolved has given 
this view a predominant place. 

All inflammatory irritants produce some form of injury, and mor 
over, tissue which has been destroyed may act as an inflammatory irritant ; 


nevertheless, there is a fundamental distinction between a reaction which 
repairs an injury, and reaction which renders harmless an injurious sub- 
stance. Certain invertebrates with simple structure (hydra, planaria) 
repair an injury by rapid regeneration of a part removed ; phenomena sug 
gesting an inflammatory reaction are wholly lacking. Those who believ 
that inflammation is adapted to neutralize and destroy the injurious body 
usually exclude those regenerative changes which replace with fibrous 
tissue structures which have been destroyed, for all writers agree in 
excluding the regeneration which affects the surviving parenchyma when 
part of an organ has been removed or destroyed. 

To determine if inflammation is dependent on changes in the blood- 


n tissues such as 


vessels attempts were long made to study the process 
the cornea or cartilage, which contain no vessels. The nearest vascular 
tissue became inflamed and the attempt failed. Directing his attention 
from the vertebrates which had heretofore served as objects of experiment 
to the lowest invertebrates, Metchnikoff has found the long-sought oppor- 
tunity to study inflammation in tissues containing no blood-vessels. His 
well-known treatise on the comparative pathology of inflammation defines 
the relatively simple reaction which follows application of injurious 
agents to such animals. 

Throughout the animal kingdom methods used to obtain food are 


often employed to destroy enemies. The ameba survives because it can 


destroy and digest the bacteria which it takes into its substance. In 
certain sponges, phagocytic cells, which digest the food of the animal, 
accumulate about a foreign body thrust into its substance. The lower 


orders of invertebrates, such as the medusa, the starfish and certain worms 
possess no vascular system; situated between the outer covering and the 


digestive cavity are mesodermic cells which, having no part in the diges 


tion of food, approach, engulf and often digest foreign particles, bacteria 
and other organisms which have found their way into the tissues of the 
animal. By means of ameboid movement they accumulate about any 
substance capable of exciting their activity. Shall this reactive accumu- 
lation of phagocytic cells be designated “inflammation?” Those who 


believe that inflammation is a response of blood-vessels to injurious 


agencies are unwilling to include it. With a broader view, those processes 


by which protective elements are drawn from adjacent tissues cannot be 
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separated from those changes by which similar cells are drawn from 
adjacent blood-vessels. Nomenclature of the process is relatively unim- 
portant. Yet study of what is universally designated “inflammation” in 
animals with fully developed blood-vessels shows that phagocytic cells 
which react in response to the inflammatory irritant are not necessarily 
derived from the blood-vessels. . 

To illustrate the chaotic state of prevailing views concerning inflam- 
mation, the status of tuberculosis may be cited. Cohnheim, who attached 
prime importance to vascular changes, excluded the infectious granulo- 
mata; yet many of those who believe that inflammation occurs only in 
vascular tissue regard tuberculosis as inflammation. Marchand, on the 
contrary, separates such processes from inflammation, because he believes 
that they are characterized by multiplication of fixed cells of the tissue. 

Inconsistencies of accepted nomenclature are readily found. The term, 
parenchymatous nephritis, a survival of Virchow’s conception of inflam- 
mation now long abandoned, is applied to a lesion which exhibits none 
of the vascular and cellular changes which are associated with inflamma- 
tion of other organs. Injury to the spinal cord is designated as inflam- 
mation when it is called traumatic myelitis; yet the secondary occurrence 
of inflammatory changes common to all forms of injury merely serves to 
emphasize the confusion of two distinguishable conditions (Marchand’). 
The name “acute hemorrhagic pancreatitis” has been applied to a lesion 
which is essentially necrosis, and not inflammation of the pancreas, and 
its use has hindered a rational classification of pane reatic disease. 

Should we assume that inflammation occurs in order that injurious 
substances may be destroyed or removed, the nature and action of the 
fluid and cells which accumulate acquire predominant importance. The 
swelling of inflammation is in great part referable to accumulation of 
fluid derived from the plasma of the blood; yet the wall of the vessel 
controls this transit, for the protein content of the fluid which passes 
through the wall of the blood-vessel into the tissue is constantly less than 
that of the blood plasma. The proteins of the plasma do not enter the 
spinal fluid nor the aqueous humor, yet with inflammation they are found 
in both fluids. 

Studies of Klemensiewicz? have shown the effect of increased pressure 
exerted by exudate within the tissue on local vascular tension. By an 
ingenious device he has been able to measure directly under the microscope 
the pressure capable of producing stasis within the capillaries. When an 


1. Marchand: Ueber die natiirlichen Schutzmittel des Organismus, Leipsic, 


1900, 
2. Klemensiewiez: Entziindung, Jena, 1908. 
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tnflammatory irritant is applied to the tissue under examination, accumu 
lation of exudate increases extravascular tension, and a smaller pressure is 
now capable of causing capillary stasis. This observation may help to 
explain the obvious truth that accumulation of fluid in the subcutaneous 
tissue in response to an irritant, is quickly self-limited ; whereas the same 
irritant causes an immense serous exudate when introduced into a serous 
cavity. Later it will be shown that this difference has an important influ- 
ence on the outcome of the inflammatory reaction and may determine 
whether suppuration or resolution occurs. 

During the last ten years an immense amount of laborious study has 
been devoted to the character and origin of the various cells which aceu- 
mulate at the site of inflammation. The studies of Cohnheim and of 
von Recklinghausen have afforded convincing evidence that the common 
pus corpuscle is the polynuclear leucocyte of the blood which, under the 
stimulus of the inflammatory irritant, passes through the walls of blood- 
vessels. Some of the earlier observers have believed that such polynuclear 
leucocytes may become cells of the fixed tissue, colonize the part, as it 
were, but there is now universal agreement in the view that they may 
degenerate but undergo no progressive transformation after they have left 
the blood-stream. The origin and fate of the numerous mononuclear cells 
which accumulate in the inflamed tissue on the contrary is doubtful. The 
subject, repeatedly investigated by histological methods, often uninterest- 
ing because they are inconclusive, has great biological importance, for it 
deals with the significance of lymphatic tissue and the normal and patho- 
logical relationship between lymphatic and other tissues of the body. It 
seeks to determine if a cell formed in one part of the body may establish 
itself in a distant part and there form an integral constituent of the tissue. 

Insight into the changes associated with inflammation assumes an 
accurate knowledge concerning the tissue in which the inflammatory 
reaction occurs. Ali of these changes have their origin within the con- 
nective tissues of the body whence inflammatory exudates may find their 
way into other situations. There are yet many defects in knowledge of 
the connective tissues of the body. In early stages of embryonic life this 
tissue is represented by a network of cells with branching processes which 
are continuous with one another. Within the substance of this proto- 
plasmic syncytium, and hence within the cells, according to observations 
of Fleming, and in recent years of Mall,* the white fibers are laid down. 
At first all the cells which compose this tissue are fixed, but later cells 
make their appearance within the meshes of the network. Since these 


unattached cells exhibit irregular projections which suggest that they ar 


3. Mall: Am. Jour. Anat., 1902, i, 329. 
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capable of ameboid movement, and since they resemble ameboid cells of 
the circulating blood, they are regarded as wandering cells. Part of 
them have all the characters of lymphocytes and in many situations form 
small collections about the blood-vessels. Part of them are larger than 
lympho ytes and resemble the large mononuclear cells of the blood : they 
are frequently collected about blood-vessels. 

Von Recklinghausen has maintained the opinion that the spaces which, 
filled with fluid, exist in the meshes of the network formed by the fixed 
elements of the tissue, are in direct communication with lymphatic capil 
laries and constitute the origin of the lymphatics within the tissue. 
Nearly half a century ago (according to Sabin) Langer showed that these 
lymphatics grow as blind sprouts of endothelial cells. Ranvier has con 
firmed this almost forgotten observation in recent years, and Sabin‘ and 
others have shown that the entire lymphatic system sprouts from the 
endothelial lining of veins and gradually pushes its way into various 
tissues and organs to form a closed system everywhere lined by endothelial 
cells. Endothelium separates the lymph within the lymphatic capillaries 
from fixed cells of a part. This well-known relationship, usually little 
considered, has much pathological significance; indeed early observers 
(Hering, Helier, Thoma*) of the movements of ameboid cells within the 


tissues, have noted the important truth that leucocytes which have wan- 


dered from the wall of the blood-vessels and have passed through the 
spaces within the fixed tissue, may penetrate the endothelial wall of a 
lymphatic vessel 

Embryological study of the lymphatic nodes has explained the rela- 
tionship of lymphatic tissue to lymphatic vessels. Gulland,® Sabin’ and 
others have shown that lymphoid tissue makes its appearance in the walls 
of lymphatic channels which have already been formed ; and consequently 
a layer of endothelial cells separates the lymphatic tissue from the lumen 
of the lymphatic vessel, and later from the tortuous sinus to which the 
primitive channel gives place. The lymphocytes of the lymph-node appear 
within the meshes of a fibrillated network and in their relation to lym- 
phatics are analogous to the lymphocytes in the meshes of connective 
tissue elsewhere. 

The local changes which with inflammation occur in the lymph 


vessels of the affected part and in the tributary lymphatic nodes (see 


diagram) are not separable from the changes which have their seat in 
4. Sabin Anat. Re« 1908, ii, 46 
5. Thoma Text-book of General Pathology ( Trans] London, 1896, p. 330 


6. Gulland: Jour. Path. and Bacteriol., 1804. ii, 447 


7. Sabin: Am. Jour. Anat., 1905, iv, 355 
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the blood-vessels ana in the interstitial Tiss 


tissue. Muscatello® has shown 


that finely granular material, s1 
the peritoneal cavity of a dog, appears within ten minutes in the retro 
sternal lymphatic nodes ; 
follow the internal mammary arteries are quickly rendered conspi 
by the injected material. Within these lymphatic vessel 


ich as Carmine powder, introduced into 


the two retrosternal lymphatic channels which 


vessels some ot the 


granules are free in the lymph, whereas others 
ing phagocytic cells which, as MacCallum® has shown, penetrate tl 


endothelial lining of the diaphragm. Within three-quarters of an hou 


are contained in wander 


after injection of Staphylococcus aureus into the subcutaneous tissue of 
the leg of a guinea-pig, Bezancon and Labbé'® found that the afferent 


lymphatic vessels of the adjacent lymphatic node were dilated and 
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Diagram showing the relation of the site of 
lymphatic node. An artery is shown dividing 
enters a vein; 


inflammation to the regional 
to form a capillary which in turn 
within the capillary loop is a lymphatic vessel which becomes the 
sinus of the adjacent node and finally discharges its contents into the venous sys- 
tem. Within the capillary loop to the left of the dotted line is shown the normal 
position of wandering cells. To the right of the dotted line are shown cells hav 
ing part in the inflammatory reaction. Polynuclear 
from the blood-vessels may be ingested by macrophages or may enter the 
lymphatic, pass to the adjacent lymphatic node and perhaps undergo ingestion by 
a macrophage within the sinus of the node. The data on which the diagram is 
based are described in the text. 


leucocytes which migrate 


contained many polynuclear leucocytes which were entering the sinuses 


of the node. The subsequent changes within the node are well known 


The well-known studies of Maximow" have defined the pes whi h 


occur in and about a sterile foreign body, introduced into the subeutans 


8. Muscatello: Virchow’s Arch. f. path. Anat., 1895, exlii, 327 

9. MacCallum: Bull. Johns Hopkins Hosp., 1903, xiv, 105 

10. Bezancon and Labbé: Arch. de méd. expér., 1898, x, 318 

11. Maximow: Beitr. z. path. Anat. u. z. allg. Path Ziegler’s 1902, v, suppl 
1905, xxxviii, 301 
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ous tissue of various species of animals. In later experiments he has 
impregnated the body with an inflammatory irritant such as turpentine, 
or has infected it with pyogenic bacteria, namely, with Staphylococcus 
aureus and with streptococcus. He has pictured with great clearness the 
changes observable at intervals varying from a few minutes to many days 
after onset on the inflammatory reaction. The reaction caused by a 
sterile body differs from that produced by bacteria in its intensity and 
in the rapidity with which corresponding phenomena occur, but the char- 
acter and sequence of events are identical. 

Serous fluid quickly accumulates about the infected body and the 
surrounding tissues become edematous. Within the first four hours poly- 
nuclear leucocytes emigrate from the blood-vessels in large numbers, and 
properly prepared tissue exhibits many leucocytes making their way 
through the endothelial lining of vessels. Early emigration of lympho- 
cytes as well has so frequently been observed that its occurrence has been 
placed beyond doubt. The small round cells which migrate from the blood 
vessels quickly give place to larger cells with paler, larger nucleus and 
fairly abundant cell substance. Those cells which have a predominant 
part in the late stages of inflammation are known by no familiar name, 
and it is difficult to designate them conveniently. The term “macro- 
phage,” used by Metchnikoff, is applicable, for these cells exhibit phago- 
eytic activity, but the name has a wide significance wand may be applied 
to all large cells capable of ingesting solid particles. The attack on living 
virulent micrococci is apparently conducted wholly by polynuclear leuco- 
cytes. With the disappearance of micrococci, mononuclear cells increase 
in number and in size and begin to exhibit ability to ingest cells and cellu- 
lar debris. Such phagocytic cells or macrophages may contain six, a dozen 
or more leucocytes in various stages of disintegration, together with a 
variety of inclusions whose origin is no longer recognizable. On the activ- 
ity of these cells is in large part dependent the solution and removal of the 
leucocytes which have previously attacked the invading bacteria. 

The serous cavities, particularly the peritoneal and pleural cavities, 
offer a convenient opportunity for study of the cellular phenomena of 
inflammation. The early changes, whether produced by various bacteria 
or by sterile irritants, do not differ materially. A noteworthy peculiarity 
of inflammation within serous cavities is the unobstructed and rapid accu- 
mulation of serum; the cells which accumulate are in part suspended in 
this fluid but a greater part adhere to the membranes, such as the omentum 


or mediastinum which are contiguous with the cavity. Numerous obser- 


vations have shown that the changes which occur in the serous cavity 
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during the first few hours after inoculation are identical with those which 

are demonstrable under similar conditions in the subcutaneous tissue. 
The importance of vascular changes in inflammation has long been 

recognized ; less has been written concerning the significance of the lvm- 


} 


phatic system. The studies which have been cited show that the lympho- 
cytes which are in great part at least derived from the lymphatic glands 
migrate from the blood-vessels and are perhaps transformed into macro- 
phages. At the same time lymphocytes and similar larger cells which are 
scattered in the normal tissue outside of the blood-vessels and often 
according to Ribbert form rudimentary lymphatic nodes mingle with the 
cells of the exudate and perhaps take part in the formation of macrophages. 
The intimate relationship of the local focus of inflammation to the adja- 
cent lymphatic glands is well illustrated by the experimental pleurisy 
produced by injection of a sterile irritant such as the vegetable protein, 
aleuronat, into the pleural cavity. The lymphatic glands which are situ- 
ated in the anterior mediastinum become greatly swollen and micro- 
scopic examination shows that changes which occur in the sinuses of these 
glands are identical with those in progress within the pleural cavity itself. 
At the end of four or five days the serous cavity contains abundant 
fluid in which polynuclear leucocytes are abundant; at this time mono- 
nuclear phagocytic cells are large and numerous and are engaged in 
ingesting and dissolving polynuclear leucocytes. The sinuses to the adja- 
cent mediastinal lymphatic glands are much distended and closely packed 
with the same large phagocytic cells whose protoplasm often contains 
many polynuclear leucocytes in various stages of disintegration. In some 
instances almost the entire lymphatic gland is replaced by these cells. 
Ingestion of polynuclear leucocytes and other cells, essential to complete 
resolution of the exudate, is begun in the serous cavity and is completed 
in the regional lymphatic node. By the method previously described cells 
make their way along lymphatic channels from the primary site of 
inflammation to the adjacent node. 

Studies of the fate of bacteria injected into the body have demon- 
strated the rapidity with which micro-organisms enter the regional lym- 
phatic nodes, and the partial efficiency of these nodes as filters. Buxton 
and Torrey’? have injected typhoid bacilli in considerable quantity into 
the peritoneal cavity of small animals and have estimated by the enumera- 
tion of colonies in agar plates the relative abundance of bacteria in 
the substernal lymphatic nodes, in the blood and in various organs such 
as the liver, spleen, lungs, bone-marrow and kidney. Within ten minutes 


after inoculation, they found an enormous number of bacteria in plates 


12. Buxton and Torrey: Jour. Med. Research, 1906, xiv, 213; 1907, xvi, 17, 251. 
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prepared from the regional lymphatic node, and in sections prepared 
for microscopic examination bacilli are found in the afferent sinus, in part 
free, in part within phagocytic cells. Notwithstanding this regional 
fixation of those bacteria which had escaped from the site of inoculation, 
a not inconsiderable number had entered the blood and were scattered 
throughout the body. Within the interval from five to thirty minutes 
after inoculation, from twenty to thirty thousand bacteria per cubic centi- 
meter were recovered from the blood. Nevertheless at the end of an hour, 
the number had fallen to several hundred. Likewise within the first half 
hour after inoculation the number of bacteria in the liver, spleen, lungs 
and kidney was very great; but it fell suddenly and soon became rela- 
tively small. This initial rush of bacteria from the peritoneal cavity to 
the blood has been found to occur with equal readiness in normal and in 
immunized animals. 

Experiments of Muscatello have shown that inanimate particles such 
as powdered carmine pass through the diaphragm into the lymphatic 
vessels of the mediastinum and reach the circulating blood only through 
the lymphatic system. Wells and Johnstone’ have successfully attempted 
to show that bacteria do not pass into the blood-vessels of the peritoneum 
but reach the blood wholly by way of the lymphatic vessels. They have 
prevented the initial rush of bacteria from the peritoneal cavity into the 
blood by ligation of the thoracic duct. By estimation of the number of 
bacteria in the lymph they have shown that the thoracic duct, during the 
first hour after inoculation of the peritoneal cavity with Bacillus coli 
discharges an immense number of bacteria into the blood. 

The foregoing observations show that the lymphatic nodes, during 
the first hour after inoculation, are not efficient filters for bacteria. 
Although two lining membranes are interposed between the peritoneal 
cavity and the interior of lymphatic vessels, solid particles pass with the 
utmost rapidity from one to the other; the greater part of these particles 
are not contained within phagocytic cells. The membranes separating the 
cavity and the lumen of the vessel are uninterrupted but solid particles 
pass as if there were direct communication. Furthermore, both bacteria 
and inanimate particles at first pass the lymphatic nodes, but later at 
the end of the first half hour or hour after inoculation, although the 
peritoneal cavity and the regional lymphatic nodes contain an immense 
number of bacteria, their escape is obstructed and they have almost com- 
pletely ceased to enter the circulating blood. At this time an inflamma- 
tory reaction has begun both at the site of infection and within the 
lymphatie node. There is little doubt that the quiescent lymphatic node 


13. Wells and Johnstone Jour. Infect. Dis., 1907, iv, 582. 
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is an inefficient filter whereas the inflamed node containing even at this 


early period, many phagocytic cells, is effective in restraining the dis 
semination of bacteria. 
Noetzel’* injected Bacillus pyocyaneus into the knee-joint of rab- 


bits, and from five to ten minutes later found the organism both in the 


inguinal, lumbar and crural lymphatic nodes and in the circulating blood 
Pawlowsky'® has demonstrated the presence of staphvlococ n the 
blood and organs of guinea-pigs from twenty-four to fortv-eight hours 


after inoculation of the knee-joint, but has been able to show that this 
dissemination is inhibited or wholly prevented if before inoculation, 
acute inflammation of the joint has been produced by the injection of 
some sterile irritant such as turpentine, alcohol or solution of quinin 
His observation recalls the studies of Issaveff. who showed that the 
peritonitis induced by a variety of sterile irritants such as foreign blood- 
serum, bouillon or normal salt solution, temporarily increases resistance 
to subsequent intraperitoneal inoculation of bacteria. Such observations 
help to explain the well-known resistance to infection exhibited by a 
granulating wound. 

A great variety ol substances which are either non dialyzable or ins - 
ble in water are dissolved and removed when introduced into the tissues 
of an animal. It is difficult, perhaps impossible, to cite any substan 
which introduced from outside of the body into the tissues of an animal 
fails to excite an inflammatory reaction; physiological salt solution intro- 


i 


duced into the peritoneal cavity produces active emigration of leucocytes. 
Comparatively little systematic observation has been made on the phar- 
macology of inflammation and we are as vet ignorant of the factors on 
which depend peculiarities in the intensity of the reaction and in the 
character of the exudate which is produced. The reaction is in all in- 
stances characterized (a) by a stage of leucocytic emigration followed 


when resorption begins, (b) by accumulation of macrophages. It is note 


worthy that tubercule bacilli and typhoid bacilli, whose presence in man 


is usually associated with peculiar lesions ex] resemblance 


to acute inflammation, produce the same changes during the first twenty- 


four hours after introduction as Staphylococcus aureus (Helly) and 


otnuer pyogenic coccl, 


Nevertheless one large group of substances, unlike bacteria, excite 
the large mononuclear phagocytes with much greater activity than polv- 
nut lear leucocvtes. The cells of one anima introduced into the iwdv of 
another of the same or of a different species are attacked by large mono- 


14. Noetzel: Beitr. z. klin. Chir., 1906, li, 740 
15 Pawlowsky: Ztschr. g Hyg., 1909, Ixii, 433 
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nuclear cells and are gradually dissolved within their substance. This 
experiment has been repeated under a great variety of conditions by 
Metchnikoff and his pupils. The same process occurs under physiological 
conditions, for in the spleen red blood corpuscles, perhaps those which have 
undergone some degenerative change and are no longer useful to the body, 
are ingested and destroyed by large mononuclear phagocytes. When 
hemorrhage occurs into the tissues, phagocytic cells of similar character, 
by taking red corpuscles into their substance, aid in the process of absorp- 
tion. Necrotic tissue in the liver or in other organs is absorbed by aid 
of the same cells. A similar process occurs when degenerative changes 
affect the central nervous system. Absorption of tissues no longer useful 
to the body, and perhaps already the seat of degenerative change, is 
accomplished by the aid of mononuclear phagocytes and has many analo- 
gies throughout the animal kingdom. Metalnikoff, studying the progress 
of the metamorphosis of insects, has lately found evidence that the 
organs and tissues first undergo degenerative changes, and later become 
the prey of phagocytes. Furthermore, one large group of parasitic invad- 
ers, including protozoan micro-organisms such as malarial parasites and 
trypanosomes, excite almost exclusively the activity of the mononuclear 
phagocytes. 

The observations which have been cited show what cells accumulate 
about a foreign substance introduced into the body. The more important 
of these cells are capable of engulfing solid protein particles, and of dis- 
solving them. By what means is this absorption accomplished ? 

The occurrence of products of protein digestion in inflammatory 
exudates was recognized almost fifty years ago; Eichwald in 1864 found 
in pus what was then called peptone; and later, Maixner found peptone 
in the urine in association with a considerable variety of suppurative 
conditions such as empyema, peritonitis, cerebrospinal meningitis, pyeli- 
tis, etc. An observation of Friedrich Miiller has explained the constant 
presence of so-called peptone in purulent phthisical sputum; a glycerin 
extract of such sputum is capable of digesting fibrin or coagulated albu- 
min in a weakly alkaline medium. Other purulent sputum has the same 
property ; the sputum of a patient with pneumonia does not exhibit this 
digestive action before crisis has occurred, but later when it has assumed 
a white pus-like appearance, the enzyme may be demonstrated. The pus 
of an abscess contains the same enzyme, but the pus-like fluid from a 
tuberculous lesion, a so-called cold abscess, fails to contain it. Various 
observers have shown that enzyme of pus is capable of digesting a con- 
siderable variety of protein substances, such as gelatin, fibrin, coagulated 


egg albumen and casein. The well-known studies of Salkowski first showed 
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that animal tissues preserved under conditions which prevent the growth 
of bacteria undergo changes similar to those which occur during the 
digestion of protein. Friedrich Miiller showed that the pneumonic lung 
consolidated by the presence of inflammatory exudate within the alveoli, 
is especially susceptible to such autolysis. By the self-digestion of this 


inflamed pulmonary tissue at body temperature are formed albumose. 


leucin, tyrosin and other products of protein disintegration; nuclei o 
the autolyzed tissue quickly disappear as a result of decomposition of 
nucleins. These observations have been used to explain the solution of 
fibrin and the disappearance of leucocytes and other cellular elements 
which occurs with resolution of the exudate. 

Biondi,’* Hedin and Rowland,"* and others have found that various 
normal organs of the body autolyze with greater activity in weakly acid 
than in alkaline solutions, and in this respect resemble pepsin rather than 
trypsin. 

Studying the cells of an inflammatory exudate obtained by injection 
of aleuronat or other sterile irritant, I have repeatedly confirmed the 
observation that they digest coagulated protein with greatest activity 
when they are suspended in an alkaline medium. Digestion may be 
accurately measured by allowing the cells to act at body temperature on 
blood-serum coagulated by heat; the amount of protein which goes into 
solution may be accurately determined. ‘Testing the liver, kidney, spleen, 
lymphatic node, and bone marrow, it is noteworthy’* that the bone- 
marrow alone resembles the cells of an acute inflammatory exudate, and 
digests with greater activity in alkali than in acid. 

The cell which is predominant in the inflammatory exudate produced 
by the injection of aleuronat is the polynuclear leucocyte, and histologists 
are agreed that this cell has its origin in the bone-marrow. In other 
words, polynuclear leucocytes which, constituting the greater part of the 
white corpuscles of the blood, migrate during the early stage of the 
inflammatory reaction, and approach and digest solid particles, contain 
an enzyme which resembles trypsin of the pancreas. They carry this 
enzyme from the bone-marrow to the site of inflammation. Dochez has 
shown that this enzyme, unlike trypsin, exists within the cells in an 
active state, and will, without further change, act on protein in the pres- 
ence of alkali. Trypsin, on the contrary, exists in the pancreatic cells as 
ZVMOKe n, and requires activation by enterokinase or by avid before it is 
able to attack protein. 

16. Biondi: Virchow’s Arch. f. path. Anat., 1896, exliv, 373 


17. Hedin and Rowland: Ztschr. f. physiol. Chem., 1901, xxxii, 341. 
18. Opie: Jour. Exper. Med., 1905, vii, 759 
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The enzyme of the polynuclear leucocytes, which may be conveniently 
designated “leucoprotease,” may be purified by precipitation with alcohol, 
and after drying may be preserved almost indefinitely.** In the moist 
state, the enzyme thus prepared is destroyed by heating at a temperature 
between 70 and 75 C. Temperatures between 50 and 65 C. acting on the 
enzyme during half an hour increase its activity. It acts in an alkaline 
or in a neutral medium, but is inhibited by acid. Sodium carbonate in 
concentration of 0.2 to 0.5 per cent. favors its action: greater concen- 
tration is destructive. The enzyme is much less active than trypsin, but 
it is not improbable that its activity, tested outside the body, is less than 
its activity under the favorable conditions which doubtless exist within 
the leucocyte. 

Examination of the properties of the enzyme which has been described, 
demonstrates that it is not identical, as several writers have claimed, with 
the alexin or complement of the blood-serum, for the latter, it is well 
known, is destroyed by heating to a temperature of 56 C. Jochmann*® 
has shown that it has no bactericidal power and asserts that it digests 
bacteria which have been killed by chloroform or by heat, whereas it 
fails to dissolve living bacteria. 

[t is not difficult to bring proof*® that the cells which accumulate in 
response to the presence of an inflammatory irritant contain a second 
enzyme capable of digesting albuminous substances; its properties are 
different from those peculiar to the enzyme of the polynuclear leucocytes. 
The enzyme which is obtained by treating the cells with alcohol, it has 
been mentioned, acts in both neutral and alkaline solutions, but is inactive 
in acid; the fresh cells, however, digest in acid as well as in alkali. This 
observation suggests that alcohol destroys a second enzyme, present in 
the fresh cells. Further study has shown that this second enzyme is 
more labile than leucoprotease; for whereas temporary heating to tem- 
] 


peratures between 50 and 65 C. increases the activity of leucoprotease, 


it greatly diminishes the activity of the enzvme which d 


l. 


igests in the 


pre sence Oot ach 


[ have previously cited many 


I 


) observations which show that two types 
of cells are abundant in al! inflammatory exudates which exhibit a ten- 
dency to resolve. When aleuronat is injected into the pleural cavity of a 
dog the proportion of large mononuclear cells, which act as phagocytes, 
gradually increases and with this increase there is increasing power to 
digest in the presence of acid. I have already pointed out that the phago- 


cytosis of micro-organisms, foreign particles, polynuclear leucocytes, red 


19. Opie: Jour. Exper. Med., 1905, vii, 316; 1906, viii, 410. 
20. Jochmann: Ztschr. f. Hyg., 1908, Ixi, 71. 
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blood corpuscles, and cellular débris begun in the pleural cavity is com 
pleted in the regional lymphatic nodes. At the end of four or five days 
after the onset of inflammation incited by aleuronat the retrosternal 
lymphatic nodes are enormously enlarged beyond their normal size and 
their sinuses are distended with large cells identical with those in the 
pleural cavity and actively engaged in the phagocytosis of polynuclear 
leucocytes and other cellular elements. An emulsion prepared from such 
a lymphatic node in which mononuclear phagocytes are predominant, 
fails to digest protein in an alkaline or neutral medium but exhibits active 
proteolysis in the presence of acid. Moreover, this form of enzymotic 


activity increases with the duration of the changes in the node. ‘The 


regional lymphatic node contains in almost pure form that enzyme which 
in the exudate increases with the increased number of macrophages. I 
have suggested for this enzyme the name “lymphoprotease.” 

This enzyme, like pepsin, acts in an acid medium and is inhibited by 
alkali; but it is not identical with pepsin, for it acts with greatest activity 
in a very weak concentration of hydrochloric acid and is destroyed by 
that strength (0.2 per cent.) which is favorable to the action of pepsin. 
It is more closely related to the autolytic enzyme of various tissues. The 
factor of essential importance is the increase of this enzyme which is 
associated with an increase of large mononuclear phagocytes in the exudate 
or with an increase of similar cells in the lymphatic nodes tributary to 
the inflamed area. 

e serous inflam- 


The enzymes which have been found in the cells of t 
matory exudate just described are present as well in fibrinous exudates.*" 
When a small quantity of turpentine is injected into the pleural cavity, 
coagulable fluid accumulates and reaches a maximum at the end of two 
or three days. The exuded fibrin, which contains polynuclear leucocytes 
during the first three or four days of inflammation, undergoes solution 
when suspended in an alkaline medium, whereas at a later period when 
polynuclear leucocytes have disappeared, this property is lost. On the 
second or third day after onset of the inflammatory reaction, products of 
proteolytic digestion appear in the serum; reactions indicating the pres- 
ence of albumose are readily obtained. Such decomposition products are 
doubtless absorbed with great rapidity, for large quantities artificia 
introduced disappear from the exudate within twenty-four hours. 

Although leucocytes contain active enzymes, serous inflammatory exu- 
dates containing cells in abundance fail to undergo autolvsis. Experi- 
ments which I made several years ago have explained the absence of 


autolysis and have disclosed a mechanism by which the activity of the 


sucn 


21. Opie: Jour. Exper. Med., 1907, ix, 391, 414 
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enzyme is limited to the locality in which it is needed. The cells of the 
exudate separated from the serum undergo autolysis and are capable of 
digesting foreign protein; but if to the cells the exuded serum is added, 
digestion is wholly inhibited. 

The serum contains some substance capable of restraining the action 
of the enzyme; it is convenient to designate this substance “antienzyme,” 
without implying thereby that it is a specific antibody adapted to combine 
with enzyme in accordance with laws of chemical union. The antien- 
zymotic action of the exuded serum is exhibited by the serum of the blood 
as well; it passes with the serum into the inflammatory exudate. The 
observation of E. Miiller®* that the antienzyme fails to enter the normal 
cerebrospinal fluid, has a considerable interest. 

The antienzyme is destroyed by heating to 75 C. It is apparently 
attached to the albumin fraction of the serum for the globulin exhibits 
no antienzymotic action, whereas the albumin fraction is active. The 
antiaction occurs in an alkaline or neutral medium, but is destroyed by 
acid. The phenomenon can be accurately studied by adding to weighed 
quantities of leucoprotease different volumes of serum. Such experiments 
do not afford evidence that enzyme and antienzyme combine in definite 
quantities. Nevertheless, if to a fixed quantity of serum, increasing quan- 
tities of enzyme are added, a point is reached at which the serum fails to 
restrain completely the activity of the enzyme. In the study of suppura- 
tion this observation has considerable importance. 

Antienzymes in the blood serum similar to that which restrains the 
action of leucoprotease have long been known. Hahn in 1897 showed 
that the blood-serum inhibits the action of trypsin. It is not improbable 
that the inhibitory effect on trypsin and on leucoprotease are dependent 
upon some peculiarity of the same substance, for Jochmann and Kantoro- 
wicz* have found that blood-serum which has abnormally high antitryptic 
action exhibits an increased ability to restrain the action of leucoprotease. 
Furthermore, there is no specific relationship between the enzyme of one 
species and the antienzyme of the same species; the serum of the rabbit 
has greater antienzymotic action on dogs’ enzyme than dogs’ own serum.** 
Birds’ serum, unlike mammalian serum, fails to inhibit leucoprotease, 
which is peculiar to mammals. 

The relationship between leucoprotease and its antienzyme in the 
serum furnishes a mechanism by which the action of the enzyme is 
limited to the locality in which it accomplishes its function. The polynu- 


22. Miiller, E.: Miinchen. med. Wehnschr., 1907, i, 354. 
23. Jochmann and Kantorowicz: Zeit. f. klin. Med., 1908, lxvi, 153. 
24. Opie and Barker: Jour. Exper. Med., 1907, ix, 207. 
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clear leucocyte is suspended in a fluid which neutralizes the effect of its 
enzyme, should this enzyme be set free by disintegration of the cell or 
by other means. When the polynuclear leucocyte ingests a solid particle 
of protein mater, for example, a bacterium, it removes it from contact 
with the serum and brings it into contact with its enzyme. 

The mononuclear phagocytes are subject to a similar influence, for 
numerous experiments have shown that the enzyme which they contain is 
restrained by the serum of the blood, and similarly by the serum of an 
inflammatory exudate. In what degree this antienzymotic action depends 
on the apparent alkalinity of the serum, and in what degree on a thermo- 
labile antibody, has not been established. 

The relation between leucoprotease of the polynuclear leucocytes and 
the antienzyme of the serum has served to explain the essential nature 
of abscess formation. Ribbert*® defines suppuration as follows: “It is 
an intense inflammation with which polynuclear leucocytes wander from 
the blood-vessels in unusually great quantity; the tissue is softened and 
the serum between the collected pus cells does not coagulate.” It may be 
added that solution of tissue in some instances has a beneficial result, for 
softening of the least resistant tissues may result in superficial rupture 
with healing; without escape of pus, it is well known there is little 
tendency to heal. 

The peculiar appearance of pus is in part dependent on the presence 
of a great quantity of pus cells suspended in a relatively small proportion 
of fluid. A serous or serofibrinous exudate, on the contrary, contains 
abundant fluid and a relatively small proportion of cellular elements. 
Whereas the serum of the serous or serofibrinous exudate inhibits the 
digestive action of leucoprotease, the serum obtained from pus not only 
fa‘is to inhibit leucoprotease, but itself contains unrestrained enzyme.** 
By disintegration of leucocytes, doubtless referable to the inflammatory 
irritant, increasing quantities of leucoprotease have been set free so that 
the antienzymotic activity of the exuded serum is finally overcome. The 
proteolytic enzyme may now come into contact with tissue and with fibrin, 
and softening is the result. 

The following experiment serves to explain why the same irritant in 
the same quantity may cause two different types of inflammation. If a 
small quantity of turpentine is injected into the subcutaneous tissue of a 
dog, a large fluctuating abscess filled with creamy pus is formed within 
four days; there is wide-spread undermining of the skin. The same 
quantity of turpentine injected into the pleural cavity causes a sero- 


25. Ribbert: Lehrbuch der allgemeinen Pathologie, Leipsic, 1905, 367. 
26. Opie: Jour. Exper. Med., 1906, viii, 536. 
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fibrinous inflammation which undergoes resolution so that the pleural 
cavity is restored to its normal condition after about ten days; there is 
no destruction of tissue and a scar is not formed. In the subcutaneous 
tissue only a small amount of edematous exudate can accumulate; the 
undiluted irritant causes active migration of leucocytes so that the anti- 
body of the exuded serum is soon overbalanced by the enzyme set free by 
disintegrated pus cells. In the pleural cavity, on the contrary, a large 
quantity of serum quickly accumulates and the exudate is serofibrinous 
instead of purulent; the antienzyme it contains is capable of holding in 
check the leucoprotease of the accumulated leucocytes. If a bit of the 
fibrinous exudate is suspended in the exuded serum, it is preserved intact. 
Nevertheless, by repeated injection of turpentine at short intervals into 
the pleural cavity, accumulation of leucocytes may be prolonged so that 
finally a condition is produced in which antienzyme can no longer restrain 
the enzyme. The softened fibrin of such an exudate quickly disintegrates 
in the serum of the exudate. 

The foregoing observation introduces a new factor into the discussion 
concerning the pyogenic activity of many bacteria. It helps to explain 
how the typhoid bacillus produces abscesses in certain situations such as 
the kidney and bone; how the pneumococcus, which rarely causes abscess 
of the lung, in which conditions are somewhat similar to those within the 
pleural cavity, may cause suppuration in other localities, such as the 
middle ear or in the subdural space ; how the tubercle bacillus may, under 
peculiar conditions, cause true suppuration. 

It is noteworthy that the normal spinal fluid, unlike other body fluids, 
contains neither enzyme nor antienzyme, and for this reason, Dochez** 
has made a special study of the changes which occur in association with 
inflammation. With epidemic meningitis, antienzyme may enter the 
spinal fluid and quickly leaves it. With more virulent infection caused 
by pneumococcus or streptococcus enzyme derived from disintegrated 
polynuclear leucocytes gives to the fluid well marked power to digest 
protein. Such active enzyme itself doubtless acts as an irritant and 
increases the severity ol the disease. 

A few writers, notably Marchand, exclude the infectious granulomata 
from the domain of inflammation; they are those who, on the one 
hand, accept the opinion of Baumgarten that the tubercle is formed from 
elements of the fixed tissue, and on the other hand, do not apply the term 
“inflammation” to regenerative changes in the fixed tissue. Nevertheless, 
the greater number of pathologists give weight to the truth that the 
tubercle is formed by a reaction in response to the presence of an invading 


27. Dochez: Jour. Exper. Med., 1909, xi, 718 
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parasite, and this reaction, in its early stage, is identical in character 


with that which follows the entrance of other bacteria into the tissues. 
Tuberculous tissue, moreover, is composed in large part of so-called 
epithelioid cells; these cells have the anatomical structure and phagocytic 
activity of the large mononuclear cells which predominate in th 
later stages of an acute inflammatory reaction. With present know] 


edge, it is impossible to define clearly the relationship of the tubercle t 
the later stage of inflammation, for the available evidence has permitted 
no agreement concerning the origin of the epithelioid cells. Study of 
acute inflammations produced by a sterile foreign body or by bacteria 
demonstiates with considerable certainty that lymphoid cells leave the 
blood-vessels and, it is probable, assume the characters of mac rophages. 
In the immense accumulation of cells which follows, the identity of various 
elements is lost and only the uncertain means of tracing transitions 
from one form to another is available for determining origin of various 
types. Large mononuclear cells are accumulating in the tuberculous and 
in the non-tuberculous inflammation after the first twenty-four hours. 
There is no doubt that small round cells with the character of lymphocytes 
accumulate in the neighboring blood-vessels and migrate from them dur- 
ing the formation of the tuberculous lesion. Though transitions from this 
lymphoid cell to epithelioid cells are not wanting, there is no convincing 
evidence that one is derived from the other. 

Polynuclear leucocytes occur in scant number in tubercles found at 
autopsy; yet in man (Benda), as in other animals, they are the first cells 
to accumulate about tubercle bacilli which are free in the tissues. Within 
an hour after injection of tubercle bacilli into the blood or into a serous 
cavity, they are surrounded or ingested by polynuclear leucocytes ; mono- 
nuclear cells subsequently appear. In some animals, polynuclear leucocytes 
are very numerous in tuberculous tissue. In the dog, during the first 
few weeks after inoculation of the pleural cavity, polynuclear leucocytes 


s formed in 


occur in immense number in the tuberculous tissue which 
and on the mediastinum. The relative abundance of these cells is depen- 
dent on the character of the bacillus, and in some degree is an index 
of the activity of resistance upon the part of the host. Virulent tubercl 
bacilli excite a more active emigration of polynuclear leucocytes than 
non-virulent organisms. 

If the lesions which are classed as infectious granulomata are passed 
in review, various conditions intermediate between the tubercle and 
a simple abscess are found. The actinomycotic nodule has many of the 
characters of the tubercle, vet polynuclear leucocytes are so abundant that 


a small abscess is formed in the immediate neighborhood of the micro- 
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organism. Glanders, in man and in lower animals, is usually character- 
ized by abundant accumulation of polynuclear leucocytes with necrosis 
and suppuration. Duval and White** have shown that the character of 
the lesion produced in animals varies with the virulence of the micro- 
organism. Very virulent strains of the bacillus of glanders rapidly cause 
necrosis of tissue and formation of small abscesses in the liver, lungs and 
other organs, whereas less virulent organisms produce nodules which are 
composed of epithelioid and giant cells and have all the characters of 
tubercles. 

The specificity of the tubercle is impaired by the observation that vari- 
ous sterile foreign bodies produce somewhat similar nodular lesions. 
When, for example, finely powdered meal (Kopec**) in suspension is 
introduced into the peritoneal cavity, the particles are collected together 
in clumps and tubercle-like nodules are formed about the clumps scat- 
tered upon the peritoneal surface. In other respects these foreign body 
tubercles do not accurately reproduce the histological peculiarities of the 
true tubercle. Similar foreign body tubercles have been found scattered 
throughout the peritoneal cavity when, under conditions which cannot be 
accurately defined, food particles have entered the cavity through a per- 
foration in the wall of the gastro-intestinal tract. 

It is well known that the tubercle bacillus contains an insoluble wax- 
like substance on which, in part at least, depends its ability to resist solu- 
tion in the tissues; it is not improbable that its peculiar staining proper- 
ties are dependent on the same substance. Such wax may be obtained by 
extraction from tubercle bacilli and introduced in suspension into the 
body of an animal first attracts polynuclear leucocytes ; later mononuclear 
phagocytes accumulate, and among them occur giant cells. At the peri- 
phery a fibrous capsule is formed; the wax remains undissolved (Tschis- 
towitsch**). 

One form of pseudo-tubercle accurately reproduces the histological 
characters of the true tubercle. About the eggs of the blood-fluke Schis- 
tosoma japonicum deposited in the liver and in the intestinal wall 
nodules with all the characters of true tubercles are formed. Through the 
kindness of Dr. Henry J. Nichols,** I have lately had opportunity to 
examine tissues from a case of schistosomiasis occurring in the Philippine 
Islands. The nodules are composed of epithelioid cells containing giant 
cells ; at the periphery of the nodule lymphoid cells are abundant. Coagu- 


28. Duval and White: Jour. Exper. Med., 1907, ix, 352. 

29. Kopec: Beitr. z. path. Anat. u. z. allg. Path. (Ziegler’s), 1904, xxxv, 562. 

30. Tschistowitsch: Zeitr. z. path. Anat. u. z. allg. Path. (Ziegler’s), 1907, 
xlii, 163. 
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lation necrosis with the histological characters of caseation occurs in the 
center of the nodules in contact with the egg, and the epithelioid cells at 
the margin of the necrotic area assume the arrangement frequently seen 
in true tubercles, namely, with long diameter at right angles to the margin 
of necrosis, 

The observations just described suggest that the tubercle has a close 
relationship, on the one hand, to the late stage of acute inflammation at 
a time when absorption is in progress and, on the other hand, to the 
changes which occur about an insoluble substance. The histological data 
which are available, fail to furnish conclusive evidence concerning the 
origin of the macrophage, which has an important part in acute inflam- 
mation, nor of the epithelioid cell of the tubercle. Both cells are capable 
of ingesting and dissolving protein bodies, and both contain enzymes with 
similar properties. 

The dog offers a favorable opportunity for study of the enzymes of 
tuberculous tissue and for comparison of these enzymes with those present 
in the sterile inflammatory exudates which are readily obtainable from the 
same animal.**? When tubercle bacilli are injected into the pleural cavity, 
an immense mass of tuberculous tissue is formed in the mediastinum and 
the adjacent lymphatic glands undergo enormous hypertrophy. The 
power of this tissue to digest protein material exhibits certain noteworthy 
peculiarities. During the first two or three weeks after its formation poly- 
nuclear leucocytes are abundant and it exhibits the ability inherent in the 
leucoprotease of these cells to digest in the presence of an alkaline 
medium. At a later period with the disappearance of polynuclear leuco- 
cytes, this property diminishes and is finally lost. In the early period of 
its formation the tuberculous tissue digests in weak acid as well and at 
a later period when leucoprotease is no longer demonstrable the power 
of energetic digestion in acid persists. The enzyme which has this prop- 
erty may be extracted from the cells with water and preserved during 
a limited period of time. There is little doubt that it is contained in the 
epithelioid cells which digest within their substance tubercle bacilli, 
polynuclear leucocytes, red blood corpuscles and other cellular elements ; 
for such cells constitute almost the entire bulk of the newly formed tuber- 
culous tissue. Moreover, when the tuberculous tissue undergoes casea- 
tion and the epithelioid cells undergo necrosis so that a fibrous capsule 
alone persists, protein-digesting activity disappears from the tissue. 

Autolysis in the presence of acid is exhibited by the liver, spleen and 
kidney, and these organs exert a limited power to digest foreign protein. 
There are at present no available means of determining if the enzyme of 


32. Opie and Barker: Jour. Exper. Med., 1908, x, 645; 1909, xi, 686. 





INFLAMMATION 


tuberculous tissue is a peculiar enzvme or is identical with the autolytic 
enzyme of certain other tissues. Of especial interest is the observation 
that the enzvme of phagocyvth cells which are capable of intracellular 
digestion is more active than the autolytic enzymes. Opportunity for an 
accurate comparison is afforded by the liver studded with innumerable 


] 


miliary tubercles. Such tissue contains much more enzyme than normal 


the serous effusion which accumulates in the infected 

pleura \ ontact with the tuberculous tissue previously described 

emphasiz hi ias been said concerning the character of the enzymes 

contained in this tissue. Such serous effusion, like other serous effusions, 

inhibits the enzyme of the polvnuclear leucocytes but unlike the serum 

all other inflammatory exudates which have been tested, fails to 
restrain the enzyme which is abundant in the tuberculous tissue. 

To complete the study of enzymes produced during the course of an 
inflammatory reaction, it is necessary to examine the adjacent lymphati 
nodes. Such tuberculous nodes show enzymotie action which differs in 
no respect from that of the tuberculous mediastinum. The sinuses of 
the node are filled th large mononuclear phagocytes, many of which 


contain tubercle bac Before caseation has begun, the histological 


appearance resembles that of the same node during the late stages of 
pleurisy produced by a sterile irritant such as aleuronat; and in both 
instances there is active enzymotic power of the same character. 
Evidence of the existence of lipolytic enzyme in the cells of tubercu- 
ous exudates and in similar mononuclear cells from other sources has 
been obtained first by Bergel.** On plates of wax small excavations are 
produced > a period of incubation by exudates containing lympho- 
cevtes and especially by the exudate obtained from so-called tuberculous 
abscesses ; ordinary pus produces no superficial solution of the wax plate. 
Tuberculous pus-like exudates, moreover, are capable of splitting neutral 
fat obtained from butter. Lymphatic gland and spleen pulp have similar 
lipolytic action, but bone-marrow, according to Fiessinger and Marie,** 
who have confirmed the observations just cited, fails to exhibit it. These 
authors have injected wax and various fats into the subcutaneous tissues 


and peritoneal cavity of animals and have found that polynuclear leuco- 


cvtes first accumulate ; an intense mononuclear reaction follows and effects 


fat. They think that the wax-like substance of the 


lissolved by the lipolytic enzyme of the mononuclear 


33. Bergel inchen. med. Wehnschr., 1909, lvi, 64 
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The conditions under which in the body the intracellular enzymes act 
and the factors which bring them into action are not clearly understood 
Intracellular digestion by amebas and other protozoa occurs in the 
ence of an acid medium and granules of litmus, and other ind 
ingested by amebas undergo the usual color changes indicative 
acid reaction. When phagocytic cells of vertebrates are allowed to 


such indicators in granular form, no such change of color occurs 


ever change of reaction occurs is not indicated by this gross metho 


leucoevtes is active 


The enzyme of the polynuclear 


; 


alkaline medium and its behavior in vitro indicates that t 

the normal body fluids is favorable to it. The acid 

which have usually been emploved to demonstrate the 

enzyme of the mononuclear phagocytes are not present 

the serum. Nevertheless, other acidifving substances 

dioxid, or lactic acid, are capable of bringing the enzyme into : 

is not improbable that conditions which diminish the oxidation of patho 
logical tissue or inhibit its gaseous interchange, increase its acid content 
end produce conditions favorable to the action of the enzyme 

Solution of bacteria, such as pyogenic cocci, is doubtless effected 
by the proteolytic enzvmes contained within the polynuclear leucocytes. 
Metchnikoff has brought abundant proof that living bacteria are ingested 
by the leucocytes but it is uncertain what part enzymes have in destrovy- 
ing bacteria. The proteolytic enzyme of the leucocytes and the bacteri- 
cidal complement of the serum are not identical bundant histological 
evidence previously cited has shown that the mononuclear cells which 
accumulate at the primary site of inflammation dissolve within their sub- 
stance polynuclear leucecytes, many of which have probably undergone 
degenerative changes before they have been ingested ; this process is con 
tinued and completed in the adjacent lymphatic nodes. Indeed, it is not 
improbable that polynuclear leucocytes, together with other products of 
tissue degeneration, serve as the principal stimulus to the activity of the 
mononuclear cells. Such intracellular digestion of polynuclear leucocytes 
is the first step in the resolution of an inflammatory exudate. There is 
scant evidence that polynuclear jieucocytes disappear by autolysis unless 
suppuration occurs. 

Absorption of fluid constitutes a second factor in the resolution of an 
exudate. When, with diminishing activity of the inflammatory irritant, 
exudation from the blood-vessels ceases, the physiological factors whic 
favor absorption of tissue juices rapidly diminish the accumulated fluid 
unless the inflammatory irritant or inflammation itself has produced 


changes which alter the adjacent vascular and lymphatic structures: 





504 INFLAMMATION 


necrosis, suppuretion, which is always accompanied by necrosis, and new 
formation of fibrous tissue, three conditions which are usually associated, 
produce such structural changes. 

The large mononuclear cells which act as phagocytes are at first only 
slightly larger than the cells which they ingest, but those which are 
engaged in digesting many cells attain great size. The fate of these large 
cells after they have accomplished their function is probably not always 
the same. Some may enter lymphatics and reach adjacent lymphatic 
nodes. According to Maximow, some undergo degenerative changes, 
whereas others remain in the tissue. It is not improbable that disappear- 
ance of exuded fluid produces conditions unfavorable to their prolonged 
existence and many probably undergo autolysis. Diminished blood-supply 
and other factors which might impair oxygenation doubtless increase the 
acidity of their protoplasm and favor self-digestion. 

Human pathology affords numerous instances in which inflammation 


pursues its course without noteworthy destruction of tissue and, followed 


by complete restoration to normal, is unaccompanied by any fibrous 
induration of the part. Lobar pneumonia, acute serofibrinous pleurisy 
and erysipelas may be cited. Such inflammatory reactions are well rep- 
resented by the serofibrinous inflammation which follows the introduc- 
tion of turpentine into the pleural cavity of an animal. The fibrin of 
such an exudate undergoes autolysis in vitro under conditions which indi- 
cate the presence of leucoprotease only during the first three days after 
onset of the reaction. During this early stage autolysis occurs when 
the fibrin is suspended in weak acid and this ability to undergo self- 
digestion in acid persists at a later stage when fluid has completely disap- 
peared from the chest. Fibrin obtained by whipping freshly drawn blood 
exhibits the same property. Since the blood-serum contains an enzyme 
exhibiting similar proteolytic activity it is probable that fibrin carries 
with it some of this enzyme when it is precipitated during coagulation. 
Autolysis referable to the presence of this enzyme may explain the disap- 
pearance of fibrin which persists after the fluid of an exudate has been 
absorbed. In some instances under conditions which are not understood, 
fibrin fails to undergo absorption and organization with new formation of 
fibrous tissue follows; fibrin is then slowly absorbed and replaced. 
Further evidence that formation of scar tissue is not a necessary 
result of inflammation even when the reaction is inaugurated by extensive 
destruction is afforded by recent experiments of Whipple and Sperry*® 
on the necrosis of the liver after poisoning by chloroform. The hepatic 
cells constituting a large part of the liver lobule undergo coagulation 


35. Whipple and Sperry: Bull. Johns Hopkins Hosp., 1909, xx, 278. 
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necrosis: a considerable number of large mononuclear phagocytes coll 

at the site of injury and accomplish the absorption of the dead liver cells 
By active multiplication of adjacent liver cells, the parenchyma which 
has been destroved is replaced and no new formation of fibrous tissu 
follows. The liver is restored to normal and there is complete absence of 
cirrhosis, though a bit of tissue removed three weeks before has demon- 
strated necrosis of three-fifths of each hepatic lobule. 

Human pathology affords little evidence that tuberculous exudates 
may undergo resolution with restoration to normal; yet such resolution 
is doubtless possible and is probably accomplished by the same enzymotic 
action, which brings about the disappearance of an acutely formed exu- 
date. Experiments of J. L. Nichols**® have shown that the exudate of 
tuberculous pneumonia in immune rabbits undergoes complete resolution, 

After suppuration has occurred, restoration to normal by the processes 
which have been described is no longer possible. The inflammatory reac- 
tion pursues the course which brings it to an end only when enzymes set 
free by disintegration of polynuclear leucocytes are fully held in check 
by the serum which accumulates. When intensity of the irritant calls 
forth increasing numbers of leucocytes, and the density of the tissue 
affords restricted opportunity for accumulation of fluid, free enzyme over- 
balances antienzyme and fibrin, necrotic tissues, and perhaps to a limited 
extent adjacent living tissues undergo solution; in the wall of the abscess 
fibrous tissue is formed; what is the immediate stimulus to the new for- 
mation of fibrous tissue has not been determined. 

Since long-continued inflammation is associated with new formation 
of fibrous tissue, such sclerosis has been commonly used as an index of 
chronic inflammation. Increase of interstitial tissue may furnish evi- 
dence of pre-existing inflammation even though the regenerative changes 
in the connective tissue are not included in the conception of inflamma- 
tion. Nevertheless, the resulting confusion has introduced many incon- 
sistencies into the nomenclature of disease. 

In many instances of hepatic cirrhosis, the increased interstitial tissue 
is sclerotic and scar-like and all evidence of inflammation is wanting; 
the lesion, indeed, has all the characters of a scar and chronic he patitis 
is not more applicable than is chronic inflammation to the scar from a 
burn of the skin (Marchand). The same remark is applicable to certain 
instances of granular atrophy of the kidney and to chronic lesions of 


other organs. Such diseases are a combination of degenerative change, 
notably necrosis, inflammatory reaction, regeneration of parenchymatous 


36. Nichols: Med. News, 1905, Ixxvii, 638. 
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elements and regenerative changes affecting the interstitial tissue. The 
relationship of these processes has not been sufficiently analyzed. 

In most instances of so-called chronic endocarditis the existing lesion, 
perhaps preceded b nflammatory changes, is sclerosis of the valvular 
segments, and functional derangement of the valve is referable to pecu- 
liarities of scar ie found in any part of the body. The same objec- 
tion is applicable to fibrous myocarditis, applied to the lesion which 
occurs in association with arterial disease, impairing the vascular supply 

he cardiae musel The common designation of chronic arterial dis- 
ase does not have the affix “itis” indicating its inflammatory origin 
but arteriosclerosis is used almost synonymously with endarteritis and 
mesarteritis, lesions in which degenerative and regenerative changes are 
conspicuous, whereas true inflammatory reaction is in most instances 
wholly absent. Thoma has pointed to the truth that the present use of 
the term “chronic inflammation,” applied to the liver, kidney, heart, 
blood-vessels and other organs, means nothing more than chronic disease. 
Study of pathological structure, eagerly pursued during the last two 
centuries, is not infrequently regarded as an unprofitable field for investi- 
gation and perhaps tlils view is correct should its scope be limited to the 
observation and description of pathological lesions; but examination of 
present knowledge concerning the nature and classification of various 
forms of inflammation shows how meager is our knowledge concerning 
the significance of altered structure. 

If it were possible to define the origin of the mononuclear cells con- 
cerned in the inflammatory reaction of all vertebrate animals as well 
as it is possible to define the character and source of the common polynu- 
clear leucocytes concerned in the same phenomenon, it might be possible 
to describe with an accurate generalization the essential nature of the 
cellular accumulation which follows the action of substances foreign to 
a tissue. The possibility that the various mononuclear cells which acecu- 
mulate are derived from the lympho vtes of the blood, offers attractive 
solution of the matter; but proof is wanting. A definition of inflamma- 
tion, as Metchnikoff has pointed out, must be applicable to the entire ani- 
mal kingdom unless it can be shown that the changes which follow the 
same stimulus in one group of animals are different from those which 
occur in another group. Metchnikoff has shown very clearly that the pos- 
session of a well-formed vascular system does not furnish this distinction, 


In order that the cells which accumulate at the site of inflammation 


may preserve their vitality, a proper medium is essential; exudation of 


serous fluid serves to dilute the inflammatory irritant and doubtless to 


furnish to migratory cells a suitable habitat. 
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To survive, an organism must prevent, or at least set a | 
entrance of foreign substance. Identical phenomena follow the entrance 
both of an insoluble foreign body and of a living invader capable of mul 


tiplication. The exclusion of inanimate material is relatively simple, 


but the struggle of one group of living beings ide other groups 


has been the source of almost infinitely complex relati The diff 


culty of distinguishing what is physiological and what pathological is here 


obvious. Since partial exclusion of bacteria is an essential condition of 
life, It 1s not inconcelva le that spec ial powers wh Cc! accomplish no otner 


physiological function mav have developed. Phagocytosis of inanimate 


ll in serum and 


particles, such as carmine and charcoal, occurs equally well 


in normal salt solution, but most bacteria must be altered by the serum 
(acted on by opsonin) in order that phagocytosis attain its maximum 
activity. It is probable that agglutination and precipitation have a part 
in the phenomena which, during the course of an inflammatory re: 

fix and finally destroy certain inflammatory irritants. The bactericida 
substances of the serum, both those which are normally present and 
which are formed during the progress of immunization, are brought 


exuded serum to the site of inflammation. Serum and cells cooperate. 


From another point of view, cellular migration from the vessels and 


within the tissues may be regarded as a process by which certain enzymes 


are quickly concentrated at a point where they are needed. Study of the 


protein-digesting enzymes of inflammatory exudates has shown that 


cells and serum must maintain certain quantitive relations in order that 
the inflammatory reaction may accomplish its purpose and permit restora- 
tion to normal without excessive destruction and regeneration of tissue. 
Disturbance of this balance is followed by grave consequences which give 
to suppuration much of its ominous character. 

Throughout the animal kingdom, the inflammatory reaction affords 
means by which various substances, notably enzymes, are delivered in 
unusual quantity in response to unusual local need. Inflammation may 
be defined as the process by means of which cells and serum accumulate 
about an injurious substance and tend to remove or destroy it. In lower 
animals with no vascular system this process with little or no accumula 
tion of fluid occurs in the supporting tissues. In higher animals, it 
begins in the supporting tissues, proceeds with the cooperation of the 
blood-vessels and is completed in the adjacent part of the lymphatic 


system. 
SUMMARY 
Inflammation is a process which tends to render harmless an injurious 
substance; it has its site in the interstitial tissue of the body. This tissue 


consists of fixed cells and fibrillated substances and is penetrated by closed 


lymphatic vessels. With inflammation certain cells migrate through the 
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wall of the blood-vessels of the part and enter the spaces within the inter- 
stitial tissue. Some of these cells are destroyed; others penetrate the 
endothelial membrane which forms the lymphatic capillaries and hence 
are carried by way of lymphatic vessels to the regional lymphatic nodes. 

Bacteria and many other injurious substances are attacked and 
ingested by the polynuclear leucocytes which migrate from the blood- 
vessels. These leucocytes, often injured by the inflammatory irritant, 


are in turn ingested by large mononuclear cells (macrophages) which 


quickly appear at the site of inflammation. The origin of these mono- 


nuclear cells is still undetermined. Ingestion of polynuclear leucocytes 
and other cellular material is begun at the site of inflammation and com- 
pleted in the regional lymphatic nodes. 

The ability of phagocytic cells to remove injurious material is depen- 
dent on the possession of proteolytic enzymes. Peculiar to the polynuclear 
leucocytes is an enzyme which, like trypsin, exerts its digestive action in 
an alkaline medium. The serum of the blood contains an antienzyme 
which restrains the action of this enzyme should it be set free by disin- 
tegration of the leucocytes; the action of the enzyme is thus limited to 
the locality in which it accomplishes its proper function, namely, within 
the cell. When enzyme is set free in such quantity that it overbalances 
the antienzyme of the exuded serum, suppuration occurs, for the purulent 
exudate has in virtue of its unrestrained enzyme acquired the power to 
soften and erode the adjacent tissues. 

The mononuclear phagocytes which appear in the late stages of acute 
inflammation, the similar cells which appear in the regional lymph-nodes, 
and the cells of similar structure which constitute the greater part of 
tuberculous tissue contain an enzyme which, like pepsin, digests in the 
presence of acid. Such phagocytes are active at the site of inflammation 
but their work is completed in the regional lymphatic nodes. 

Inflammation is the process by means of which cells and serum accu- 
mulate about an injurious substance and tend to remove or destroy it. 
This process does not include the regenerative changes which replace 
injured tissue by newly formed parenchymatous elements or by new inter- 
stitial tissue. Present nomenclature of chronic disease contains many 
terms which are inconsistent with knowledge of the underlying disease. 
Terms such as “parenchymatous nephritis,” “traumatic myelitis,” acute 
“hemorrhagic pancreatitis” are applied to conditions which have not 
primarily the characters of inflammation; the term “chronic inflamma- 
tion” is applied to complex morbid changes (e. g. cirrhosis, chronic neph- 
ritis, myocarditis, arteriosclerosis, etc.) in which inflammatory processes 
have an insignificant part. 
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A STUDY OF HEMOGLOBIN OF COLORED LABORERS IN 
PANAMA * 


WALTER V. BREM, M.D., ano A. H. ZEILER, M.D 


CRISTOBAL, CANAL ZONE, PANAMA 


In a region like Panama, where blood-destroying diseases are so preva- 


lent, the hemoglobin content of the blood and its variations are of special 


significance. The present work was undertaken in order to determine th 


relative effect on hemoglobin of certain conditions and infections. The 
results of the study will be discussed under the following heads: 

I. The approximate normal hemoglobin of the colored man of the 
tropics. 

II. The hemoglobin variation between natives of different West 
Indian islands furnishing the largest number of laborers for the work 
on the canal. 

III. The relative frequency of infections. 

IV. The influence of certain infections on hemoglobin. 

V. The influence of climate, work and food on hemoglobin. 

The tables given were constructed from hemoglobin estimations, by a 
uniform method, in 359 consecutive patients from the ranks of th 
colored male laborers of the Isthmian Canal Commission. The estima- 
tions were made on the day following admission to the hospital, and the 
patients were usually within the first three days of their illness. The 
instruments used were two Sahli hemometers, one of which, after agita- 
tion of the standard tube, needed a 13 per cent. reduction to standardize 
it to the other. The latter was found to be approximately correct by 
determining the color index in a number of normal persons. We found 
that it was necessary to modify Sahli’s technic slightly in order to get 
uniform results with his instrument. Sahli introduces the blood imme- 
diately into tenth-normal hydrochloric acid and then dilutes with 
water. ‘This technic gives readings which are too high and which may 
vary widely with blood frcm the same patient. But uniform readings 
may be obtained and the error greatly reduced if the blood is introduced 
first into a small quantity of water, and tenth-normal hydrochloric acid 
then added until the brown color of acid hematin is obtained. The 
necessary dilution with water is then made. 


* Read at the meeting of the Canal Zone Medical Society, Jan. 5, 1907. 
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withdrawing sm: portions the fluid stool from the bottom of the 

containing vessel with a pipette. The ova of parasites settle out qui kly 
ind are readily found by this method, 

I. NORMAL HEMOGLOBIN OF THE TROPICAL COLORED MAN 

A series of forty-nine patients from Barbados, the most healthful of 

he West Indian islands, was studied in order to determine the approxi- 

nate normal hemoglobin of » colored race of the tropics. These forty- 

ne patients were adn itted to the hospital eariyv in the course of uncom- 


plicated malarial fever: they 


Their average hemoglobin 
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HEMOGLOBIN STUDIES 


Malarial Fever.—In Table 1 there is a decided tendency for the hemo- 
globin percentage to decrease as the number of previous attacks of mala- 
rial fever increases; also the relative number of cases of anemia (arbi- 
trary standard, hemoglobin 60 per cent. or less) increases with more 
numerous previous attacks. This is true until one reaches the group of 
patients in Table 1, who have had six or more previous febrile attacks. 
In this group there is a relative diminution of the number of cases of 
anemia, and one is surprised to find that there is an increase of 7 per 
cent. of hemoglobin over the group of patients that have had 3 to 5 pre- 
vious attacks. This phenomenon suggests relative immunity or tolerance 


for the malarial poison. 


rABLE 1 MALARIAL FEVER 
No. Cases 
of Anemia ; 
No. of Previous Hb. 60 Per Average 
Febrile Attacks No. Cases Cent. or Less. Hb. Per Cent 
0 49 80.4 

lor? 39 75 
3-5 23 65 
6 or + 19 ; 72 


Total hoe ae 15 ey 


TABLE 2.—MALARIAL FEVER AND UNCINARIASIS 
No. Cases 
of Anemia; 
No. of Previous Hb. 60 Per Average 
Febrile Attacks No. Cases. Cent.orLess. Hb. Per Cent. 
0 18 75 


lor2 4 67.5 
2.5 


24 § 
14 70 
11 


62. 


6 or + 
Total 69. 
TABLE 3.—MALARIAL FEVER AND AMEBIASIS 

No. of Previous 
Febrile Attacks No. Cases Average Hb. Per Cent, 
0 1 79 
lor 2 
6 or 


Total wow itveee Oe 


TABLE 4 MALARIAL FEVER, UNCINARIASIS AND 
AMEBIASIS 
No. of Previous 
Febrile Attacks No. Cases Average Hb. Per Cent, 
0 81 
lor2 
3-5 


6or-+ 


Total : sveescces OO 


Uncinariasis.—Table 2 when compared with Table 1 shows that 
uncinariasis causes a well-marked diminution of hemoglobin in the 
colored race, the average being 6 per cent. less than in uncomplicated 
malarial fever. Moreover, the number of patients with anemia (hemo- 
globin 60 per cent. or less) is more than doubled when malaria is com- 


plicated with uncinariasis, the proportion of anemias with combined 
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infections being 1 in 3.7, against 1 in 8.7 in uncomplicated malarial 
fever. Uncinariasis also appears to prevent a rise of hemoglobin in the 


group of patients who have had six or more previous febrile attacks, and 


the 


who, according to Table 1, should have established a tolerance for 
malarial poison. 

When it is considered that none of the patients entered the hospital 
on account of uncinariasis, that the infection was discovered incidentally 
in routine examinations, and that the proportion of these patients 
infected represents approximately the proportion of colored laborers 
nfected throughout the Canal Zone, one sees what an enormous amount 
of blood destruction in the aggregate must be caused by uncinariasis, 
and how numerous must be the cases of weakness and anemia due to it. 

Amebiasis.—Tables 3 and 4 compared with Tables 1 and 2, respec- 
tively, show that amebiasis without dysentery does not play an important 
role in blood destruction. The infection with dysentery occurred in such 
a small number of cases that the anemia due to it was relatively unim- 
portant. 

Jamaicans and Martiniquans.—The groups from the islands of 
Jamaica and Martinique were relatively small, but as far as they go they 
confirm the results obtained by a study of the Barbadians. Among nine 
Jamaicans with uncomplicated malarial fever, none were anemic; among 
ten with malaria and uncinariasis two were anemic. Among four Mar- 
tiniquans with malaria two were anemic; among fourteen with both 
infections nine were anemic (hemoglobin 60 per cent. or less) ; i. e., 66.6 
per cent. were infected with uncinaria, and 61 per cent. were anemic. 


V. EFFECT OF CLIMATE, WORK AND FOOD ON HEMOGLOBIN? 


In studying this subject, we considered that the effect of time spent 
on the Isthmus of Panama might be taken as an equivalent of the effect 
of climate, work and food. Barbadians with uncomplicated malarial 
fever were used, and 130 cases divided into groups according to the 
number of months spent in Panama. 


TABLE 5.—UNCOMPLICATED MALARIAL FEVER IN BAR- 

BADIANS; HEMOGLOBIN PER CENT. ACCORDING 

TO TIME IN PANAMA 
Hb. 60 Per Average Hb. 

Months in Panama. No. Cases. Cent. or Less. Per Cent, 
Less than three.. 49 77. 
Three to five .. 33 74.5 
Six to nine 34 70 
Ten or more ..... : 14 76.5 


Total .. , wena ae 15 75 


3. This work was done in 1906, before the laborers were fed by the Isthmian 
“anal Commission. 





HEMOGLOBIN STUDIES 


If the average hemoglobin of these groups is compared with that in 
Table 1, it will be seen that variations according to the number of months 


spent on the isthmus are exactly similar to variations due to previous 





attacks of fever, but are not nearly so marked; i. e., the variations bear 


ation to previous febrile attacks. It is probable, therefore. 


that the variati in Table 5 were due to the fact that the number of 


a closer re 


attacks of fever incre: lirectly with the time spent on the isthmus. as 


BARBADIANS IAMAICANS AND MARTINIQUANS 
Rk OF ATTACKS OF FEVER, ACCORDING TO 
riME IN PANAMA 
BARBADIANS 
Average 
No Total Febrile No. Attacks 
Months on Isthmus Patients Attacks. Per Patient 
Less than t S2 48 0.6 
rhree to f 6 95 1.6 


Six to nit 45 160 3.4 
Ten or m ~ a 171 4.3 


AMAICANS 


Less than thr 1 
rhree to ’ 10 
Six to nir 3 
ren or more 12 


[ARTINIQUANS 


Ad 
ih 
21 
of attacks of fever vary directl with the 
vent on the isthmus. The Jamaicans have been on 
han the Barbadians, vet their average hemoglobin 
of the latter, and this in spite of the fact that 
rely infected with uncinaria. This seems to be 
Jamaicans have had fewer attacks of fever. 
he attacks. 
far as possible the influence of 
group of Table 1 (the groups representing 
fever) and subdivided it into groups repre- 
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slight differences 
erences bear no relation to the 
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to the unexpected rise of hemoglobin in the group of patients wh 


had six or more previous febrile attacks, suggesting relative immunit 


increased tolerance for the malarial poison. 


TABLE 7.—BARBADIANS WITH MALARIAL FEVER: HEMO 
GLOBIN ACCORDING TO NUMBER OF ATTACKS AND 
TIME ON ISTHMUS 


FIRST FEBRILE ATTACK 
No. of Hb. 60 Per Average 
Months on Isthmus Patients. Cent. or Less Per Ce 
Less than thre+ S4 1 Sv 
Three to five 1 
Six to nine 
Ten or more . 


Less than three 
Three to five 
Six to nine 
Ten or more 
THRE? ») FIVE PREVIOUS ATTACKS 
Less than thre 3 1 
Three to five : 
Six to nine 
Ten or more 


Less than thre« 
Three to five 
Six to nine 
fen or more 


From a study of these tables we think that it is fair to conc! 
conditions of life on the isthmus—that is, climate, work and food 
themselves have no detrimental effect on the hemoglobin content of the 


blood of colored laborers, and that the loss of hemoglobin is a question 
of infections, and of infections only. We feel safe in saying, also, that 
this is true for white Americans on the isthmus, though our observations 


have not yet been analyzed. 


SUMMARY 


} 


1. The average hemoglobin of healthy colored men of the tropics is 
about 85 to 85 per cent. 


2. The average hemoglobin of Barbadian and Jamaican laborers was 
72.7 and 73.7 per cent., respective ly; that of Martiniquans 55.2 per cent. 


3. Of 277 patients, 234, or 84.5 per cent., had malarial fever; 15.5 


~4se ; 


per cent. had pneumonia, typhoid, dysentery, liver abscess, tuberculosis, 


nephritis, ete. Uncinariasis was found in 36.1 per cent.; amebiasis in 
24.5 per cent. 

1. The hemoglobin curve of malarial patients varies inversely with the 
number of previous attacks of malarial fever until a relative immunity or 
tolerance for the malarial poison is developed, when a rise of hemoglobin 


occurs. This rise does not take place in patients infected with uncinaria 
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Uncinariasis complicating malaria in colored men causes a reduction of 
hemoglobin, which averages 6 per cent. less than that of uncomplicated 
malarial infections. The complication causes more than double the pro- 
portion of anemic cases. Amebiasis without dysentery does not appre- 
ciably affect the hemoglobin curve. 

5. Conditions of life on the Isthmus of Panama do not in them- 
selves affect the hemoglobin of colored laborers. Blood destruction is a 
question of infection only. 


We wish to thank Col. W. C. Gorgas, Chief Sanitary Officer, for his permission 


to publish this report. 





























PAROXYSMAL HEMOGLOBINURIA 
AN EXPERIMENTAL STUDY OF A CASI 


C. H. NEILSON, M.D 
ST. LOUIS 
AND 
O. P. TERRY, M.D 
LAFAYETTE, IND. 
In the case presented in this article, on which our work was per 
formed, any severe chilling of the patient’s skin caused a temporary hemo 


globinuria, drowsiness, regurgitation of food and other minor symptoms 
to be mentioned later. The phenomena were produced either by a chill- 


ing of the general body surface or, what was more common, by the mer 
exposure of the hands and face to cold, damp winds, or by the wetting of 
the feet in cold weather. The phenomena were produced experimentall\ 


in the laboratory by dipping the patient’s feet in water reduced to a tem 


) 
LY perature of 9 to 12 C., even when the general room temperature was 27 ( 
¢ . . ‘ ‘ 

Donat and Landsteiner? in 1904 based their explanation of paroxysma 


hemoglobinuria on Ehrlich’s side-chain theory. Eason,* in his admirable 


paper on this disease in 1906, explained the phenomena in 

Hoover and Stone* also have shown that the hemolysis preceding the 

hemoglobinuria may be explained by the side-chain theory. The ambo 
4 I 

ceptor becomes attached to the red blood cells on exposure of the blood to 


a temperature of 5 to 15 C. for fifteen minutes to one hour. The com- 
f the blood is sub 


plement then causes hemolysis when the temperature of 
temperature for a few minutes. This experi 


the same wavy. 


seq ut ntly raised to bod. 
ment may be performed in a test-tube by using defibrinated blood. 


Hoover and Stone have shown that, in the above experiment, thi 


hemolysis may be prevented by the addition of cholesterin to tl) 


defibrinated blood. They have explained this by supposing that the ambo 


ceptors attac h themselves to the free cholesterin instead of to the red cells 


They have supposed that it is the cholesterin of the red cells to which the 


* From the Physiological Laboratories of St. Louis and Purdue Universities 

1. Donat and Landsteiner: Miinchen. med. Wehnschr., 1904, li, 1599. 

2. Eason: Jour. Path. and Bacteriol., 1906, ii, 167. 

3. Hoover, C. F., and Stone, C. W.: Paroxysmal Hemoglobinuria Account 


of Two Cases, THe ARCHIVES INT. MEp., 1908, ii, 


209 
o Ie 
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amboceptors attach in causing hemolysis. Lecithin had no inhibitory 
effect when used in place of the cholesterin. 

Hoover and Stone administered cholesterin to their patients by mouth 
but were unable to state definitely that any benefit was produced, because 
their patients would not submit to further experimentation. Their 
patients had no subsequent attacks of hemoglobinuria but as the weather 
was moderate during this time no hemoglobinuria would be expected and 
the patients would not allow its production by means of an iced foot-bath. 

Hoover and Stone were able to show, however, that calcium lactate 
would not inhibit the hemolysis produced by exposure to cold. This result 
was obtained whether the salt was given by the mouth, in doses of 60 


grains daily, or was added to the blood in a test-tube. 


Manwaring* has shown that calcium chlorid, as well as other salts, 
inhibits the hemolysis of dog’s corpuscles by goat’s serum after the goat 
has been immunized against the dog’s corpuscles. 

As will be shown later, we have found in our patient that calcium 
chlorid behaves somewhat like cholesterin in that it inhibits this hemolysis 
in the test-tube. Like Hoover and Stone we are unable to give definite 
conclusions after administration of the salt by the mouth because of the 


refusal of the patient to be experimented on further. 


HISTORY OF CASI 


Patient —F. N. S., aged 28, born in Rochester, N. Y., of German parentage, 
lived there twenty years, two years in Ohio, three years in Texas, and three years 
in St. Louis. He has always been in railroad work; is a switchman now. He has 
been married two years; has no children. His father died at 55 of dropsy of the 
heart; his mother is alive at 68 in good health. He has five brothers all in good 
health. One sister had “red urine” fifteen years ago; she had an operation (sup- 
posedly for the “red urine”) and now enjoys good health. Two other sisters have 
always enjoyed good health. Our patient had “typhoid-pneumonia” in Rochester; 
no sickness in Ohio. He had typhoid in Texas in 1904. He lived in St. Louis a 
vear before he had an attack of hemoglobinuria. He has had four attacks of 
gonorrhea, the last one in 1905. He had warts on the penis in 1904—probably 
chancroids. rhe patient eats regularly ; his appetite is good. He sleeps well; 
smokes much: does not drink alcoholic beverages. He has never had an attack of 
hemoglobinuria in the summer. 

Present Iliness.—The first attack occurred in the fall of 1907 and consisted of 
one red urination after a chilling of the skin. Recurrences then followed every 
two or three weeks during the winter of 1907-08 or oftener, depending on the 
weather. An attack usually began with a chilly sensation. (Hoover and Stone 
observed a subnorma! temperature at the beginning of an attack, and we obtained 
it once experimentally). This chilling was followed by more or less vomiting, 
probably a simple regurgitation of food such as we noticed in our experiments. 
There was no accompanying nausea or pain. Dark, red urine was passed for five 
to twelve hours afterward. There was much drowsiness, slight pain in the joints 


4. Manwaring Jour. Infect. Dis., 1904, i, 122 
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on movement, particularly of the ankles. The skin of the face, hands or feet 
that part exposed to the most cold) first showed a blanching, followed by edema 
and finally by hyperemia, with a return to normal in ten to twelve hours. A 
good night’s rest in bed was sufficient to cause the patient to feel perfectly well 
except, possibly, for a slight drowsiness the following day. 

Examination.—In November, 1908, the patient came under the care of one of 
us (Neilson) in St. Mary’s Hospital, in St. Louis. A thorough physical examina 
tion at this time proved practically negative. The blood was examined as to the 
number of red and white cells, which were normal. No parasites were found. 
Examinations of the stomach and feces proved negative. Repeated examinations 
of the urine showed an intermittent albuminuria. The time of the occurrence of 
albumin was independent of the presence of hemoglobin. Sometimes the two sub 
stances occurred together. The experimental application of three small pieces of 
ice at points about one and one-half inches apart on the back of the hand caused 
three local areas of edema, which became confluent, then hyperemic, and finally 
disappeared in six to eight hours. This slight chilling did not cause hemoglobin 
uria (at least not to a degree appreciable to the eye). 

At this time heavy woolen underclothing, felt boots and general instructions 
to keep warm were given the patient. Ten grains of caleium chlorid three times 
daily were prescribed. The patient worked all] of the winter of 1908-09 with only 
two very mild attacks of hemoglobinuria. One of these occurred after the patient 
had temporarily stopped taking the calcium chlorid for a week. The caleium 
chlorid caused no gastric disturbances. 


EXPERIMENTS 


In July, 1909, the following experiments were performed, the patient continu 
ing to work as switchman for ten to fourteen hours daily. Because of this, and 
his reluctance to be experimented on, our results are not as complete as we could 
desire. 

General Methods.—In determining the hemolytic power of the patient’s serum, 
10 e.c. of blood were drawn from the median basilic vein and were allowed to clot 
in a sterile centrifuge tube. The blood was later centrifuged and the serum con 
stitutes the “h. s.” (hemolytic serum) of the experiments. A 20 per cent. suspen 
sion of washed blood corpuscles was obtained by allowing 1 ¢.c. of blood from the 
finger of the patient to run into a few drops of sterile 1 per cent. potassium 
oxalate solution. The corpuscles were then washed eight times with sterile eighth 
molecular sodium chlorid solution by the aid of the centrifuge. The suspension 


was then diluted with sterile eighth-molecular sodium chlorid to make a 20 per 


cent. suspension of corpuscles. The calcium chlorid and all glassware used in 
these experiments were carefully sterilized In the experiments of July 28, it 
will be noticed that washed corpuscles were obtained from two sources; one was 
the patient himself, the other was another man. In the experiments of July 16, 
only the latter were used. It will be noticed that in the experiments of July 28 
slightly different results were obtained with the two different suspensions of cor 
puscles. 

In the experiments of July I9 and 28, the hemoglobinuria was produced exper'- 
mentally by immersing the patient’s feet in water kept at 9 to 12 C. by means of 
ice. The ice-water was constantly thrown up over the patient’s ankles. On July 
19, this iced foot-bath was continued for twenty minutes, on the 28th for thirty 
minutes. On both days the temperature of the room was about 27 ¢ 

July 16, 1909.—I. Experiments Determining the Inhibitory Effect of Calcium 
Chlorid on the Hemolysis of Red Blood Corpuscles by the Patient’s Serum No 
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caleium chlorid had been given internally to the patient for six months. Ten cubic 
centimeters of blood were drawn from the patient at 8 a. m. This was allowed to 
clot for two hours, was then centrifuged. The serum obtained constitutes the 
“h. s.” of the experiments. One cubic centimeter of blood was drawn from another 
person at 8:30 a. m. The corpuscles were washed eight times with sterile salt 
solution and were then diluted to 20 per cent. of their original volume. These con- 
stitute the “b. c” of the experiments. 


The mixtures shown in Table I were made in small test-tubes 
oc.) at 11 a.m. 


TABLE 1 HEMOLYTIC POWER OF PATIENT'S SERUM BEFORE TAKING 
CALCIUM CHLORID 
1 cc. m/S NaCl + 0.2 cc. hs. + 0.5 cc. 20 per Placed immediately at 
cent. bx Cc. There was no lakine 
until 4:30 p. m. and then 
it was slight. 


° 
o 


1 cc. m/8 NaCl + 2 Cc + 05 c.c. 20 per Piaced immediately at 3 C 
cent. b.c. for 30 min., then at 37 
Cc. After 20 min., at 37 
C. there was slight hemo- 
lysis. At 1 p. m. there 
was complete hemolysis 


0.3 cc. m/S NaCl + 2 : . Placed at 37 C. (as No. 1) 

per cent. b.c. + 0.7 c.c There was slight hemoly 
sis at 3 p. m. (possibly 
of bacterial origin). 


0.3 cc. m/S NaCl 0.2 cc. hs. 4 : Placed at 3 C. for 30 min., 

per cent. b.c. + 0.7 cc. CaCl, then at 37 C. (as No. 2) 
There was slight hemoly 
sis at 3:30 p. m. 


20 p. m. tubes 1, 3 and 4 looked alike; there was slight hemolysis in all 


At 4:: 
In tube 2 there was complete hemolysis. 


This experiment was performed a second time. At both trials varying amounts 
of hemolytic serum and of calcium chlorid were used, but without changing the 
results. 

The first point to be noted in this experiment is that, in Mixtures 1 and 3, 
which were not subjected to the low temperature of 3 C., but which were placed 
immediately at 37 C., there was only slight hemolysis, and this occurred only after 
four hours. This may have been due in part to bacterial action; what is more 
probable, however, is that there was sufficient cooling of the blood from 8 a. m. to 
11 a. m. to cause some hemolysis to occur after the blood was placed at 37 C. 
From the time the blood was drawn (8 a. m.) to the time the mixtures were made 
(11 a. m.) the patient’s serum was at room temperature, which was 27 C. to 28 
C. It was impossible to keep the blood at body temperature all of this time. 

The second point to note is that hemolysis did occur readily in Tube 2. This 
tube was subjected to a temperature of 3 C. for thirty minutes before it was placed 
at 37 C. Theoretically it was during the exposure to 3 C. that the amboceptors 
became united to the red cells, the complements causing the laking when the blood 
was raised to 37 C. for a few minutes. 

The third point to note is that in Tube 4, the hemolysis was inhibited by 
the presence of 0.7 c.c. of m/8 CaCl, (in place of so much NaCl), although this 
tube was subjected to the same cooling and subsequent warming as was Tube 2 
(in which there was complete laking). 

July 19, 1909.—II. Experiments Determining the Effect of the Iced Foot-bath 
(Applied for Twenty Minutes) on the Patient. No calcium chlorid had been given 
internally to the patient for six months 
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TABLE 2.—BLOOD-COUNT AFTER ICED FOOT-BATH—NO CALCIUM CHLORID 
tlood Corpuscles ; 
White 
- -Relative (9%) —— 
Time. Body Urine Red L 
temp Absolute. Absolute. Poly. LL. 8.L M Eos. Mono 
8:30a.m. 98.4 Normal 5,200,000 1,520 62 2 ) » , oO 
8:40 to9a.m. Iced foot-bath. Regurgitation of food at t 
9:00a.m. 97.8 Dark 5,680,000 10,100 62 2 o 
11:10a.m. 98.7 Black 5,760,000 10,600 90 6 4 0 0 
2:30p.m. 98.0 Brown 5,120,000 8,600 80 19 1 0 1 0 


t 


ee 2 
1e end of time 
3 Ss 1 


The first point to which we wish to call attention is the apparent health of 
patient at 8:30 a. m. 

The second point is the regurgitation of food at the end of the iced foot-bath 
the subnormal temperature, the hemoglobinuria and the very slight change in the 
absolute number of red and white blood corpuscles. We have no explanation to 
offer for the changes in percentage of the white corpuscles. Careful differential 
counts were made by two different people—their results tallying—on different 
smears. 

The third point is the other symptoms; the ankles first became edematous then 
hyperemic, returning to normal in about three hours. The patient became drowsy. 
The hemoglobinuria lasted for six hours. Patient felt as well as ever the follow 
ing day. 

July 28, 1909.—III. Experiments Determining the Effect of the Internal Ad 
ministration of Calcium Chlorid for Eight Days.—Immediately after the experi- 
ments of July 19, the patient was given ten-grain doses of calcium chlorid three 
times a day for eight days. These experiments are divided into two parts: 

1. At 8 a. m. 10 c.c. of blood were drawn from the median basilic vein. This 
blood was allowed to clot, the serum being used to determine the effect of the cal 
cium chlorid on the hemolytic power in the test-tube. These experiments were 
similar to those performed on July 16 (before any calcium chlorid had been given 
to the patient). In these experiments we attempted to find whether there had 
been sufficient absorption of the salt into the blood to cause inhibition of the 
hemolysis. 

2. At 8:37 a. m. the patient was given an iced foot-bath similar to the one of 
July 19, except that in this case the bath was continued for thirty minutes instead 
of twenty minutes, because at the end of twenty minutes the patient showed no 
signs of an attack of hemoglobinuria and said he was not going to have an attack. 
As is shown below, we did cause a mild attack by prolonging the bath. 

1. Results of the experiments determining the hemolytic power of the patient’s 
serum in the test-tube. These experiments were performed exactly as were those 
on July 16. In these, however, two different samples of corpuscles were used. 
Mixtures 1, 2 and 3 were made using the patient’s own red blood cells, mixtures 
4, 5 and 6 were made with corpuscles from the subject used for this purpose on 
the 16th. The blood was drawn at 8 a. m. The mixtures were made at 11:30 a. m. 

TABLE 3.—HEMOLYTIC POWER OF PATIENT’S SERUM AFTER TAKING 

CALCIUM CHLORID. 
0.5 cc. m/8 NaCl + 0.4 c.c. 5. + 0.25 cc. b.c. Placed immediately at 37 C. 
No hemolysis at 5 p. m. 
0.5 cc. m NaCl + 0.4 c.c. + 0.25 ¢ b.c Placed at 3 C. for one hour, 
then at 37 C Slightly 
laked at 1:30 p. m. No 
more at 5 p. m 
Placed at 3 C. for one hour, 
then at 37 C. No hemolysis 
at 5 p. m 
Placed immediately at 37 C. 
No hemolysis at 5 p. m 
Placed at 3 C. for one hour, 
then at 37 C Complete 
hemolysis at 1:30 p. m. 
Placed at 3 C. for one hour, 
then at 37 C No hemoly- 
sis at 5 p. 
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The first point to be noted in this experiment is that not a sufficient amount of 
the caleium chlorid had been absorbed into the blood to inhibit completely the 
hemolysis in either tube 2 or 5. 

The second is that there was more hemolysis with the foreign corpuscles (5) 
than when the patient’s own corpuscles were used (2). These results were obtained 
when the blood serum was cooled to 3 C. for one hour. 

The third point is that the hemolysis produced by the exposure to the temper- 
ature of the 3 C. was completely inhibited in Tubes 3 and 6 to which calcium 
chlorid was added in place of the sodium chlorid. 

Fourth, another obvious point is that the hemolysis did not occur in those 
tubes (1 and 4) which were not subjected to the cooling (3 C.), but which were 
placed immediately at 37 C. 

2. Results of giving the patient an iced foot-bath; the principal «ymptoms are 
briefly summarized in Table 4. 


TABLE 4 BLOOD-COUNT AFTER ICED FOOT-BATH, FOLLOWING CALCIUM 
CHLORID 


lime Body ine White Blood Cells, Relative (% - 
Poly. a S.I Mast. Eos L.. Mono 

a. m Normal (Lost) 

37 to 9:07. Iced foot-bath. No regurgitation of food 

10 a. m 98.6 Brownish oS 26 

10 a. OS.6 Normal 25 i) 

30 p. m 98.6 Normal 77 17 


The points to which we wish to call attention are, first, the apparent health 
of the patient at 8:30 a. m.; second, the longer time during which the foot-bath 
was given over that of July 19; and, third, the fact that the ankles did not show 
the edema that they did on July 19. There was no regurgitation of food, no sub 
normal temperature, and only slight hemoglobinuria for one urination. We have 
no explanation for the variations in the percentage of the white blood cells. The 
patient did not become drowsy. He said, after the bath that he felt as well as he 
ever did. 

A long course of the internal administration of caleium chlorid was then 
attempted, but furunculosis occurred and the salt was discontinued after two 
months. No hemoglobinuria occurred during this time: the weather was not 
severe, however, and the patient refused to be further experimented on 


We cannot state definitely that calcium chlorid when administered by 
outh does prevent this hemoglobinuria, but in view of the inhibitory 


hemolysis in the test-tube, and the apparent greater difficulty 
hemoglobinuria by foot-baths after the administration of 


we feel justified in concluding that if sufficient calcium 


ntroduced into the blood, and retained, no hemoglo- 
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ADAMS-STOKES’ SYNDROME, WITH COMPLETE HEART- 
BLOCK, WITHOUT DESTRUCTION OF THE BUNDLE 
OF HIS * 


E. B. KRUMBHAAR, M.D 


PHILADELPHIA 


That destruction of the auriculo-ventricular bundle of His in the mam- 
malian heart will always cause heart-block has been repeatedly proved 
both experimentally and by numerous clinico-pathological observations 
within the last five years... The converse of this proposition, however, 
that heart-block is always caused by destruction of the aforesaid bundle, 
has by no means been proved, and, in fact, it is most probable that there 
are several other causes that may produce this dissociation of auricular and 
ventricular rhythm. What these causes may be it is not vet possible to say ; 
this paper is merely to show that complete heart-block and the symptoms 
of Adams-Stokes’ syndrome may exist, not only without destruction of 
the bundle of His, but with insignificant lesions no greater than those 
found in normal bundles. Furthermore, following the principles estab 
lished by the experiments of Erlanger and Hering, it has generally been 


supposed that partial heart-block was caused by partial destruction of the 


bundle of His (round-cell and fatty infiltration, partial sclerosis and s 


on), whereas complete block was supposed always to be caused by con 


plete obstruction; but this is also contradicted by the pathological find- 
ings in the present case. 

The patient, who presented the above conditions for at least more than 
five years, was under the care of Dr. Robert Pittfie ld, to whom I an 
obliged for the pathological material and the clinical notes of the case. 
An abstract of the history is as follows :* 


Patient—Captain D., 76 vears old, widower, former sea-captain and dentist 
Excellent family history. Always smoked considerable tobacco, never drank to 
excess, denies any syphilitic infection In earlier life had a severe attack of 
acute articular rheumatism and also pneumonia His present illness began seven 


* From the Ayer Clinical Laboratory of the Pennsylvania Hospital. 

1. For bibliographies of heart-block and Adams-Stokes’ syndrome see: van 
den Heuvel: De Ziekte van Stokes-Adams, Doctorat Thesis, Gronigen, December, 
1908: Pletnew: Engeb. d. inn. Med. u. Kinderheilk., 1908, i, 47: and Univ. Penn 
Med. Bull., November, 1908, xxi, 278 

2. For full report of the earlier history of the case see Pittfield: Medicine, 
Detroit, 1904, x, 654. 
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years ago shortly after an attack of influenza and a long period of trying watch- 
ing by the bedside of his wife, and he has been more or less invalided by it ever 
since. He easily becomes short of breath on exertion, such as climbing stairs, 
and feels his heart throbbing in his chest. His ankles occasionally become swollen 
so that his shoes feel tight, and there is also some gastric disturbance, as mani- 
fested by heartburn and gaseous eructations. If he undergoes any sudden exer- 
tion or sometimes even if straining at stool, he is subject to epileptiform attacks. 
These always give some warning and occur in the following manner: The pulse 
becomes slower and slower and when it reaches about 18 beats to the minute 
stops altogether for some seconds. The respiration becomes noisy and then 
stertorous. He feels that he is going off. The muscles of the face begin to 
twitch. The vessels of the neck become turgid and the face cyanotic, and con- 
sciousness is entirely lost. After a minute or two, the convulsion ceases, the 
pulse is manifest at the wrist, the eyes open, consciousness is restored and the 
patient is none the worse for the attack. 

Examination.—In 1904 the patient was a hardy, weather-beaten man, with a 
marked arcus senilis and rigid temporal and radial arteries. Heart was hyper- 
trophied, apex-beat in eighth space beyond the midclavicular line. There was a 
marked retraction of the chest wall after each ventricular systole. A blowing 
systolic murmur was heard at the apex. Pulse-rate 21, varied from 41 to 19. 
When the cardiosphygmograph was taken the ventricular rate varied from 28 to 
30 per minute, the auricular rate from 60 to 70 and the auricular beats were 
shown to come quite independently of the ventricular. A drink of whisky tem- 
porarily raised the ventricular rate to 34. Synchronous with the pulse on auscul- 
tation, there was a heavy systolic contraction at the wrist, followed by two, 
three or rarely four minor, hurried aborted systolic sounds, that gave no palpable 
impulse at the wrist. The urine was slightly increased in amount, good color, 
normal specific gravity, no albumin or sugar. A few hyaline casts were con- 
stantly found. 

Course of Disease——The condition of the patient continued with but little 
change, except that the epileptiform seizures became more frequent and severe. 
Shortly before his death he had a particularly severe attack while sitting on a 
pot after taking magnesia, and his pulse rate went down to four beats to the 
minute. At this time his pulse rate was usually about 20 to 25, the auricular 
contractions plainly audible and the venous pulsation with the extra-auricular 
systoles plainly visible. It was noted that his general condition always tended 
to be worse, the slower his pulse-rate was. One month before his death he began 
to suffer with intermittent claudication of the left leg. Almost every day he 
would have an attack of severe pain in the left leg, with pulse less marked on 
that side. This caused him to limp and often to fall down. For the last two 
weeks before his death, he was confined to his bed, did not recognize his friends, 
was rather flighty, but with no actual delusions. He became very weak and died 
suddenly late at night, without any premonitory signs—gave one gasp and fell 
over dead. 

Partial Autopsy.—This showed cardiac hypertrophy, chronic interstitial 
nephritis (small red granular kidneys), chronic passive congestion of lungs and 
liver, marked arteriosclerosis. 

Gross Description of Heart: (Heart has been preserved complete with the 
aorta in formalin.) The heart is quite large, weighing 490 gm. The epicardium 
is diffusely thickened and contains a moderate amount of fat. The right side, 
which has not been opened, still contains a good deal of post-mortem clot. The 
tricuspid and pulmonary valves appear quite thin and delicate. The left auricle 
is fairly large and capacious. There is perhaps some trifling thickening at the 
margins of the mitral valves and at the bases of the mitral valves there are thin, 
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opaque yellow plaques which are thicker than the valve substance. These extend 
beneath the posterior leaflet of the aortic valve, where perhaps they are densest, 
and one plaque extends for 0.5 cm. over the septum ventriculorum. The septum 
itself is quite large, except for the little plaque very thin and delicate. About 3 
mm. below this small plaque the wall of the ventricle begins. One and one-half 
em. below the septum there is a raised, opaque, white thickened patch on the 
endocardium 1 cm. in diameter. The aortic valves are large, voluminous, but are 
stiffened at their bases by calcareous plaques. The cavity of the left ventricle is 
small and the wall is thickened, averaging 22 to 15 mm. The character of the 
muscle can no longer be made out. It is difficult to dissect out the coronary 
arteries, but at their orifices there is much calcification of the wall, which 
extends as far as they can be followed. The aorta at its base shows fairly large, 
opaque, yellow calcified plaques and in the ascending portion pin-head-sized 
nodules of the same character. From the transverse arch, the aorta, as well as 
its main branches, is the seat of an extensive calcification and atheromatous 
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Fig. 1.—From the case of complete heart-block, showing auricular systoles 
that are not transmitted to the ventricle. Auricular systoles, visible in tracings 
of both apex beat and jugular pulsations, are numbered 7 to 14; ventricular sys 
toles lettered c, d,e. (From Dr. G. C. Robinson’s article on Gallop Rhythm, Am. 
Jour. Med. Se., 1908, exxxv, 870.) 


ulceration, which increases until it reaches its maximum just above the bifurca 
tion where the lining is composed of a thin layer of calcareous material broken 
and ulcerated in many places. Part of this breaking is, however, due to an 
attempt to open the vessel. At the transverse arch there is perhaps slight dila- 
tation, which is also true of the thoracic portion, which measures 7.5 cm. in 
circumference; the abdominal aorta measures 6.5 cm. in circumference. 

No attempt is made to dissect out the bundle of His, for it is not possible to 
see any gross change in the region of the course of the bundle which might affect 
its structure, and it is preserved intact for microscopical examination. 

Histological Examination of the Auriculoventricular Bundle of His: A section 
of the heart septum to include the bundle of His was taken as follows: The upper 
border parallel to the auriculoventricular groove of the right side extending from 
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a position above the undefended space 2.5 cm. in the direction of the coronary 
sinus; the lower border almost parallel to this, about 1 em. below the auriculo- 
ventricular groove or septum. This occurs as a sheet of loose fibrous tissue sep- 
arating the delicate overhanging shell of the musculature of the right auricle 
from the right ventricular septum. The lateral borders of the section were cut 
perpendicular to the above. The middle leaflets of the tricuspid and aortic 
valves are cut away, so that only the stumps show in the sections. Serial sec- 
tions were cut from below up almost parallel to the auriculoventricular groove. 
The plane of sectioning was taken with the posterior portion (i. e., that nearer 
the coronary sinus) somewhat nearer the groove than the anterior portion, so 
that, allowing for the oblique course of the bundle of His from auricle to ven 
tricle, some single sections would show the continuous course of the bundle from 
auricle to ventricle (i. e., in longitudinal section). If section is made parallel 
or perpendicular to the groove, the bundle is always shown in oblique or cross- 
section, and while its course can be traced, no one section shows it running from 
auricle to ventricle. Serial sections were made about 6 microns in thickness, but 
owing to the toughness of the tissue occasional sections were lost or had to be cut 
thicker. Two hundred and eighty-seven sections were examined. Of every five 
slides, one was stained with hematoxylin and eosin, another with Mallory’s con- 
nective-tissue stain. Subsequently the intervening slides were stained with 
hematoxylin and eosin. As the heart was fixed in formalin, the sections do not 
take the hematoxylin-eosin stain as brilliantly as after fixation in Zenker’s fluid. 

Beginning in the auricle (i. e., the last section cut), No. 287 shows nothing 
but auricular musculature and the thick wall of the aorta. Lower down (No. 
250) this is found merged with the fibrous tissue of the auriculoventricular sep- 
tum and in the auricular fat and musculature near the septum appear the deli- 
eate interlacing fibers of Tawara’s nodule. This seems to be quite normal, and is 
easily distinguishable from the coarser, straighter fibers of the auricular mus- 
culature. As the series is followed lower, small isolated masses of muscle tissue 
are found in the middle of the septum, and fine delicate fibers approaching it 
from the ventricular side. At No. 190 in the series, the fibers from the ventricu- 
lar side pierce the auriculoveniricular septum and are in direct communication 
with Tawara’s nodule. Following still lower, the septum intervenes between the 
auricle and the bundle, which is found eut in oblique section. This constituted 
the main bundle, as it lies between the pars membranacea and the ventricle 
before its division into the two ventricular branches. The fibers have the 
appearance characteristic of the bundle of His—much more slender and paler 
than the normal heart muscle, with strie faint or absent and nuclei more numer- 
ous. As is normally the case, they are separated by loose connective tissue, but 
in some places there is also found between the fibers, apparently in the center 
of the bundle. occasional small bands of fairly dense connective tissue, with fre 
quent long cylindrical nuclei. This was not found in several normal bundles that 
I examined, though it was present in others and in some the loose type of con 
nective tissue was greater than in the specimen of heart-block 

rhe sections now begin to show some of the ventricular musculature with the 
stump of the tricuspid valve on the right side and of the aortie on the left. At 
No. 118 the bundle, apparently of smaller volume, divides into the two branches— 
that to the right side diving deep into the musculature and quickly being lost; 
that to the left being very superficial. The latter is separated from the mus 
culature by a definite layer of fibrous tissue. Cut in cross-section, it extends as 
a thin sheet over the surface. There is little detail to be made out, though large. 
pale, rather vesicular cells are found that suggest Purkinje fibers. 

Thus the continuity of the bundle can be traced unbroken from Tawara’s 

lule to bevend its subdivision in the ventricles. with no abnormality, other 
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than an occasional slight increase of connective tissue, no r~eater than is found 
in other hearts that have never exhibited any heart-block. 

Section from the left ventricle shows a marked increase of rather loose fibrous 
tissue; this is especially striking immediately beneath the endocardium, and does 
not bear any direct relation to the blood-vessels. The heart-fibers are narrow. 
stain palely and in some cases are vacuolated with considerable peripolar pig 
ment. On the edges of the fibrous areas or isolated in them, small atrophied 
muscular fibers are numerous. 

















Fig. 2.—From the case of complete heart-block. Longitudinal section of the 
bundle of His in the ventricle before division into the two branches, showing prac 
tically no increase of connective tissue. Camera lucida, Zeiss. Oc. 2, Obj. A. 


Section from the right ventricle shows less fibrous tissue, but still more than 
normal with broader, more normal muscle fibers. The spreading pale fibers, 
analogous to the Purkinje fibers, are well shown beneath the endocardium. 

Section from the auricular septum shows much fat scattered between the 
muscle lobules and also between the individual fibers. The muscle fibers them 


selves are well preserved. In one place near the junction of the left surface of the 
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superior vena cava with the right auricle a circumscribed collection of about a 
dozen large ganglion cells were found. 

Serial sections were also made through the sino-auricular junction in the plane 
given by Keith to show the muscle fibers in which the heart-beat is supposed by 
him to arise. Numerous continuous sections were found resembling fairly closely 
the appearance as given by Keith. The constant artery was found in its proper 
position just above the auricular musculature and around it a network of tissue 
easily distinguishable, grossly and microscopically, from the surrounding loose 
fibrous tissue. This network, which was in direct connection with thin bands of 
muscle in the wall of the base of the vein, apparently contains but little muscular 
tissue. It consists mainly of small isolated muscle fibers, cut obliquely and in 
cross-section, surrounded by rather dense fibrous tissue. Several control series, 
with which I have compared it, all exhibit much less fibrous tissue and more 
muscle than does this series, and the muscle resembles strikingly the reticulated 


arrangement of Tawara’s nodule. The significance of this fibrous change will be 


considered later. 

Section from the aorta shows great localized thickenings of the intima, with 
increase of fibrous tissue in the media. Occasional rather extensive, circum- 
scribed collections of small round cells are present in the outer layers of the 


adventitia. 

Summarizing, we find a typical case of Adams-Stokes’ syndrome with 
complete heart-block, known to have existed for at least five years. he 
permanent bradycardia was replaced by an even more marked paroxysmal 
bradycardia during the syncopal attacks. At autopsy a chronic myocardi- 
tis of the ventricles is found associated with a generalized sclerosis 
throughout the body. There is no gross lesion in the neighborhood of the 
bundle of His and microscopically the bundle can be traced in unbroken 
continuity from Tawara’s nodule to a level in the ventricles well beyond 
its subdivision into two branches. Besides the fat lobules and loose con- 
nective tissue normally found in the bundle, there are here and there 
slight evidences of increase in connective tissue; but this is no greater 
than is found in the bundles of many hearts that have never shown heart- 
block. Fibrous changes are found in the muscle bundle described by 
Keith in the sino-auricular junction. 

Shortly after the rediscovery of His’ bundle in 1904 by Retzer* and 
Briaunig,* Erlanger’s® well-known experiments proved that both partial 
and complete heart-block could be produced by clamping the bundle with 
different amounts of pressure. After the proclamation of such an attrac- 
tive hypothesis for the etiology of heart-block and Adams-Stokes’ syn- 
drome, it was but natural that much enthusiasm should be shown in 
hunting for supporting evidence in man. In this way a rapidly increas- 


3. Retzer: Arch. f. Anat. u. Physiol., Anat. Abt., 1904, p. 1. 

4. Briiunig: Arch. f. Anat. u. Physiol., Physiol. Abt., 1904, p. 1, Suppl. 

5. Erlanger: Bull. Johns Hopkins Hosp., 1905, xvi, 234; Jour. Exper. Med., 
1905, vii, 676. 
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ing number of cases of heart-block have been reported in which at autopsy 
lesions of the bundle of His were found. In a fairly large percentage of 
eases the lesions were gummatous, neoplastic, ulcerative or cicatricial and 
the bundle of His as well as a portion of the septum were unquestionably 
completely destroyed. In other cases, however, the lesion described was 
much slighter, and its causative relation to the heart-block does not seem 




















Fig. 3.—Control from a case of normal rhythm. Bundle of His in same area 
as Figure 1, showing, if anything, more connective tissue. Camera lucida, Zeiss, 


Oc. 2, Obj. A. 


conclusively proved. Such conditions are found as “the bundle has 


undergone considerable sclerosis,” “tendency to fibrosis” or “more than 
half the cross-section of the bundle consists of connective tissue,” or 
“the bundle showed fatty infiltration and degeneration.” In _ these 
cases the possibility of other causes, such as lowered conductivity of 
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the anatomically unchanged muscle, changes in the nervous controlling 
mechanism, and so forth, cannot be excluded. Pertinent from this point 
of view is Lewis” apt comparison of the connection between auricle and 
ventricle to a train of gunpowder laid between two magazines: 

Light the one and you explode the other. Destroy half the thickness of the 
train by pouring water on it and the explosion travels equally well through the 
other half; but if in destroving the first half vou damp the second half, then the 
explosion will be delayed 

The auriculoventricular bundle not only contains more connective 
tissue than is found in the ventricles with a looser arrangement of muscle 
fibers, but also its actual size varies considerably in different hearts. 


Incomplete lesions like those mentioned, therefore, are all the more diffi- 
cult to interpret correctly, and it may fairly be said that in many of them 


the causative relation to heart-block is “not proven.” 


Cases of heart-block without any lesion of the bundle of His are much 


rarer. I have been able to find in the literature only two such cases, and 
even one of these is not absolutely clear. In the case reported by Deneke,’ 
Fahr* was unable to find any gross or microscopical lesion, but later 
states that in an abnormally long bundle the piece taken for section was 
so short that not all the bundle was examined, so that he could not defi- 
nitely state that there was no lesion. 

The second case reported by Nagayo® is much similar to the present 
one, except that the heart-block was incomplete and the clinical symp- 
toms less severe and of shorter duration. At autopsy no lesion of the 
bundle was found, although there was an extensive ventricular myocardi- 
tis. Nagayo considers that the block occurred in this altered muscula- 
ture, and on this assumption proposes a muscular type of heart-block 
(i. e., not in the auriculoventricular impulse-conducting mechanism). 
It is possible that the present case may belong to this class, but in this 
event the class must be extended to include complete block also. In a 
case of incomplete block Heineke, Miiller and Hésslin’® found a com- 
plete destruction of the bundle with replacement by scar tissue. The 
tried to explain the persisting functional connection between the two 
chambers by the assumption that during the gradual destruction of the 
bundle new minute musculature connections were formed between auricle 
and ventricle, or that previously unobserved minute bridges had taken on 


the function of transmitting the impulse. 


Lewis: Brit. Med. Jour., 1908, ii, 1798. 

Deneke: Arch. f. klin. Med., 1906, Ixxxix, 39 

Fahr Virchow’s f. path. Anat., 1907, elxxxviii, 562 
Nagayo: Ztschr. f. klin. Med., 1909, Ixvii, 495. 
Heineke. Miiller and Hésslin: Deutsch. Arch. f. klin. Med., 190 ciii. 459 
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There have been several cases reported in which the heart-blo 


I l complete recover! ‘| he most striking 


been temporary and followed by 
that of Earnshaw,"' in which a patient had two or three attacks « 


complete block, lasting several weeks and accon panied by sympton 


Adams-Stokes’ syndrome, but terminating in an apparently complet 
recovery. The cause of » block was not ascertaines Some, f 
instance, Taylor’s case,* due to intestinal toxemia, 

purely functional ; others, occurring in the course o 
such as rheumatism, probably were due to organic chi 
ing example of this kind is reported by Gerhardt :** the 
with frequent syncopal attac! an atta 
lar rheumatism and acute pericard h improvemen 
the heart-block disappeared, later 


} 





592 1iDAMS-STOKES’ SYNDROME 


organic lesion. As it was impossible to examine the medulla and the 
vagi, their possible influence also cannot be excluded. The myocarditis, 


especially marked in the ventricles, or an unobservable change in the ulti- 


mate union of the connective mechanism with the ventricular wall, may 
have been sufficient to block the impulse after it had passed through the 
bundle, although both of these would necessitate a lesion over a wide- 
spread area. 

According to the latest researches, there is but little doubt that nerves 
accompany the muscle bundle. Both Tawara*® and Retzer® have spoken 
of the presence of nerves; but more recently Wilson’* has demonstrated 
an extensive system of ganglion cells, nerve fibrils and plexuses that 
accompany the bundle from the auricle to the ventricle. This discovery 
opens anew the whole question of neurogenic versus myogenic transmis- 
sion of the nerve impulse, and, without entering into any discussion of 
this subject, it should be recognized that a lesion of the nervous mechan- 
ism must be considered a possible causative factor. 

Apropos of the fibrous changes in the bundle of Keith in the sino- 
auricular junction, Hering’* has shown in dogs’ hearts that section 
through the sulcus terminalis, cutting Keith’s bundle, causes cessation of 
the heart-beat. When the beat is resumed, if auricle and ventricle are 
both beating with their independent rhythm, a condition indistinguish- 
able from heart-block is brought about. Though it is not capable of 
proof, it may be that the fibrosis of Keith’s bundle in the present case 
caused in this way a dissociation of auricular and ventricular beats rather 
than a failure of transmission of the impulse through the bundle of His. 
Very recently Thorel*® has stated that he has found a continuous set of 
muscular fibers joining Keith’s sino-auricular node and Tawara’s nodule, 
which resembles histologically their characteristic structure. This, of 
course, was not investigated in the present case, as the sections had 
already been cut before the publication of Thorel’s paper. 

As regards the nomenclature of the condition, there has been a tend- 
ency, especially among English and American writers, to confuse the 
terms “‘Adams-Stokes’ syndrome” and “heart-block.” This is unfor- 
tunate, not only because the former term should include the idea of syn- 
copal attacks and bradycardia, irrespective of dissociation of the auricles 
and ventricles; but also because the two distinguished physicians whose 
names it bears described conditions that are by no means necessarily 

16. Tawara: Das Reizleitungsystem d. Siiugetierherzens, Gustav Fischer, Jena, 
1906. 

17. Wilson: Proce. Royal Soec., 1909, Ixxxi, Series B, 151. 

18. Hering: Miinchen. med. Wehnschr., 1909, lvi, 845. 

19. Thorel: Miinchen. med. Wehnschr., 1910, lvii, 183. 
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cord. The heart was hypertrophied and dilated, but there was no gross 
lesion of the valves or septum. Another interesting case is that of Neu- 
berger and Edinger,”* in which a man having chronic constipation suf- 
fered from bradycardia and fainting spells occurring during defecation. 
He gave no clinical evidence of a heart lesion, and the pulse, never over 
60. occasionally fell as low as 18, or for short periods stopped entirely. 
The autopsy, performed by Weigert. showed a normal heart, but remark- 
able changes in the cerebral nervous system. ‘There was almost a com- 
plete absence of the right lobe of the cerebellum, and in the neighbor- 
hood of the decussation of the pyramids a small venous varix with begin- 
ning hemorrhagic infarction of the surrounding tissue. The explanation 
given of the paroxysmal bradycardia was that the straining at stool 
caused a congestion and thus pressure on the nuclei and roots of the 
Vagus, 

There is also evidence that stimulation of the peripheral vagus can 
cause bradycardia and fainting spells, though it is not definitely known 
whether or not this is accompanied by dissociation of auricle and ventri- 
cle. For instance, Hering and others have been able to cause the ven- 
tricle to drop beats by stimulating the vagus; whereas Erlanger considers 
that the vagus influences the ventricle entirely through the auricle. 
While taking cardiac tracings from one of his pupils, Thanhofer,** by 
exerting digital pressure on both pneumogastrics, caused not only 
extreme bradycardia, but a synecopal attack that lasted several minutes. 
In a case of bradycardia and arrhythmia without heart-block, Heineke’® 
found that pressure always caused further slowing of the pulse and at 
one time a syncopal attack. 

\s it is an accepted fact that destruction of the bundle of His in the 
mammalian heart will cause heart-block and the symptoms of Stokes- 
\dams’ syndrome, it seems proper to consider two main types: the neuro- 
genic and the cardiogenic, the former producing a true bradycardia, the 
latter a heart-block, or dissociation of the auricles and ventricles. An 
attempt at further classification has been made by Nagayo® in subdi- 
viding the cardiogenic or heart-block into (a) Reizleitung typus, 
with complete heart-block, always caused by complete destruction of the 
mundle, and (b) muscular type with incomplete block, accompanied by 
fatty degeneration, cellular infiltration of the bundle, and so forth. That 
hese distinctions cannot always be maintained, however, is shown 


various other observations as well as the present one. 


3. Neuberger and Edinger: Berl. klin. Wehnschr., 1898, xxxv, 69 


+7. Thanhofer Centralbl. f. d. Med. Wissenseh.. IS75. xiii, 405 
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STUDIES OF BONE METABOLISM, ESPECIALLY THE PATHO- 
LOGICAL PROCESS, ETIOLOGY AND TREATMENT 
OF OSTEOMALACIA * 


FRANCIS H. McCRUDDEN, M.D. 


BOSTON 


1. INTRODUCTION 

Among the more frequently occurring pathological conditions to which 
human beings are subject, there are hardly any about which we know so 
little as those which may be roughly designated as chronic rheumatic con- 
ditions—a rather loose term used to include the various conditions known 
as osteo-arthritis, rheumatoid arthritis, osteitis deformans, arthritis 
deformans, chronic gout, rheumatic gout, chronic rheumatism, etc. And 
there are hardly any pathological conditions which have interested investi- 
gators in so many branches of medical science. Among clinical men 
investigations have been carried on not only by the internist, orthopedic 
surgeon and neurologist, who are constantly called on to treat symptoms 
due to these conditions, but also by men interested in such special 
branches, as, for example, the eye, some of whom maintain that many 
disorders of vision are closely bound up with certain of these rheumatic 
conditions. Investigations are being carried on constantly by patholo- 


gists and bacteriologists, and all of these conditions have been attributed, 


at one time or another, to certain bacteria. To show the interest taken in 
these diseases by those who concern themselves with the chemical side of 
pathological conditions, it is necessary only to mention the term “uric- 
acid diathesis.” This term brings out again the relationships which these 
rheumatic disorders bear to widely different conditions in the minds of a 
large portion of the medical world, for diseases of nearly every organ of 
the body have been attributed to the uric-acid diathesis. Regarding the 
causes of these diseases, it may be said that there is probably scarcely any 
other group of conditions in the study of which so little progress has been 
made in the last century. In fact, in this matter, we are but little 
advanced bevond the old days when all diseases were attributed either to a 
“humor” circulating in the blood or to a “faulty diathesis.” 

* This paper was completed in its present form in December, 1908. Its pub 
lication was delayed by circumstances over which the author had no control. 

*From the Department of Biological Chemistry of the Harvard Medical 


School 
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Several years ago Drs. Goldthwait, Painter and Osgood of Boston 
made certain clinical and pathological investigations into some of these 
conditions, the results of which made it seem worth while to continue the 
work along chemical lines. The work was started with these investiga- 
tors and later continued independently.* After some preliminary urinary 
analyses, it seemed clear that if we were to learn anything about the proc- 
esses taking place in the bone it would be necessary to make complete 
metabolism experiments in which the food, urine and feces might be anal- 
yzed quantitatively for calcium, magnesium, phosphorus, sulphur and 
nitrogen. As the amounts of these elements excreted, with the exception 
of nitrogen, are very small, it was evident that short experiments of a few 
days’ duration would show nothing. But there were technical difficulties 
in the way which made such complete metabolism experiments lasting a 
week or more, practically out of the question if carried out by the usual 
methods. The amounts of most of these elements in different foodstuffs 
are so small that the analytical errors would be enormous, and, as each 
article of food would have to be analyzed, the time necessary for the 
analyses in connection with a single experiment would be practically pro- 
hibitive. These difficulties have probably been in large part responsible 
for our present ignorance regarding the metabolism of inorganic elements. 
The first step necessary, therefore, was to devise a method of carrying on 
metabolism experiments which would overcome these difficulties. 

Such a method was devised and published.*. The details will not be 
repeated here. It will suffice to say that a single sample well concentrated, 
dried, mixed and powdered, is finally obtained which represents the food 
of the whole experiment, thus making only single (or rather duplicate) 
determinations of each element necessary. Having obtained a method, it 
was necessary next to find proper cases on which to perform metabolism 
experiments. 

Metabolism experiments were performed on a number of patients 
Cases were plentiful, and our cases were carefully selected to represent 
distinct types of disease, and different stages of the same type. In some 
cases a second experiment was performed on a patient after the condition 
had changed. The patients were of both sexes and of widely differing 
ages and conditions of life. The conditions included rheumatoid arthritis. 
osteo-arthritis and osteitis deformans. Examination of the results dis 
closed some interesting facts. For example, in certain cases, accompanied 
by hypertrophy of the cartilage and atrophy of bone, there was a 


* A part of the expenses were contributed by the Proctor Fund for the Study 


of Chronic Disease. 
1. MeCrudden, F. H.: A New Technic in Metabolism Experiments, Jour. Med 


Research, 1903, iv, 135 
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retention of sulphur, an element in which cartilage is comparatively rich, 
and a loss of calcium, an element in which bone is rich. These and other 
findings are discussed in the published papers,? and will therefore not be 
repeated here. They served to show the value of studies of this kind. But 
it was plain that before we could accurately interpret the results of such 
studies we must know more about the normal metabolism and more about 
the pathology of these diseases. 

Later, I took up the work at this point. In the meantime, I was led 


by the wide-spread discussion of the uric-acid diathesis and the relation of 


uric acid to these diseases to study this side of the question. I undertook 
first the task of making as complete a study as possible of the literature on 


the subjec t. The task proved to be no light one, as the literature is very 


much seattered. In fact, in all probability, the reason that so much mis- 
information concerning uric acid prevails is that the many investigations 
on the different phases of the uric-acid question have not been collated. | 
felt therefore that I was doing a service in publishing the results of my 
study.* But while very interesting from the standpoint of pure biological 
chemistry, this study proved that we have not the slightest reason for 
believing that uric acid has anything to do with rheumatism. The idea 
that uric acid is responsible for these rheumatic conditions can be traced 
back to the Romans. The term “gout” comes from a Latin word “gutta,” 
which expresses the idea of the Romans that the disease was due to a 
poison which separated out of the blood drop by drop into the joints. In 
the middle ages the poison or “humor” was variously called “black bile” 
or “tartar.” It was referred to as the “materia peccans” by Sydenham. 
some years after the discovery of uric acid in bladder-stones by Scheele* 
and Bergmann® in 1776, Murray Forbes® expressed the view that the sub- 
stance was the “materia peccans,” and the view was rendered more prob- 
able by the discovery of uric acid in gouty tophi by Wollaston.? When, 


2. Goldthwaite, J. E., Painter, C. F., and Osgood, R. B.: The Preliminary 
Report of a Series of Metabolism Observations Made in Atrophic Arthritis, Hyper 
trophie Arthritis, Osteitis Deformans, and the Normal, Am. Med., 1904, vii, 547, 
590. Goldthwait, Painter, Osgood, and MeCrudden: A Study of the Metabolism 
in Osteomalacia, Am. Jour. Physiol., 1905, xiv, 211. MeCrudden, F. H.: The 
Effects of Castration on the Metabolism in Osteomalacia, Am. Jour. Physiol., 
1906, xvii, 211 ; 

3. MeCrudden, F. H Urie Acid; the Chemistry, Physiology and Pathology 
of Urie Acid and the Physiologically Important Purin Bodies with a Discussion 
of the Metabolism in Gout, Boston, 1905, Fort Hill Press. 

4. Scheele, K. Examen Chemicum Caleuli Urinarii, Opuseula, 1776, ii, 


"2 
id. 
5. Bergmann, T.: Opuseula, 1776, iv, 232. 

6. Forbes, M.: A Treatise on Gravel and Gout, London, 1793. 

7. Wollaston: On Gouty and Urinary Concretions, Phil. Tr., London, 1797, 386. 
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in 1848. Garrod’ found uric acid in gouty blood the matter was considered 
settled. The extension of the uric-acid theory to include all rheumat 
diseases and many other pathological conditions is due chiefly to the 
writings of Alexander Haig of London, and is based on evidence that is 


not worthy of serious consideration. It can be seen that the idea is a 


direct inheritance of the ancient humoral pathology; only now, instead 


if “black bile” or “tartar.” a definite chemical substance, uric acid, is the 
poisonous material. As I was interested more in bone metabolism than 
in uric-acid metabolism, I turned again to a study of the metabolisn 
the 1morgank elements. 

Fortunately, at this time, a moderate st 
became available for study. Here was an opportunity to stu 
n which the chemical changes in the bone are much greater than in any 
other bone disease. Here, too, was a condition that had been much studied 
by pathologists, and in which the pathologists had come to two radically 
liffering views concerning the process which is taking place. The view of 
Virchow is based on the assumption that the inorganic part of bone is a 
dead material like the chitinous cuticula of crabs and certain insects 
undergoing no metabolism once it is laid down, and that of Cohnheim on 
the assumption that, at least well into adult life, bones are the seat of an 
uninterrupted and coincident apposition and resorption just as is the cas 
in muscle or other tissues. As these two views embody fundamentally dif- 
ferent concepts concerning bone metabolism, it was hoped that chemical 
studies might be of considerable value. A number of metabolism experi- 
ments on our patient and on animals, and analyses of normal and osteo- 
malacic bones were therefore carried out. The results give a clearer insight 
into the process taking place in osteomalacia and enable us to decide 


between the two opposite views of the microscopists. In addition, thi 


throw conside rable ight on the subject ot bone metabolism. 


» OSTEOMALACIA 
I. HISTORICAL 


tly consider what is known or believed concerning the 


etiology and the process taking place in osteomalacia. A detailed his 


ll be gone 


torical consideration of the different phases of the subject wi 
into where necessary later in the paper. At this point it will be neces 


sary to point out only certain features as an introduction to my plan of 


experimental studies. The disease has been known for about a centur 


8. Garrod, A.: Observations on Certain Pathological Conditions of the Blood 
and Urine in Gout, Rheumatism, and Bright's Disease, Medico-Chir. Tr., London 


1848, xxx1, 83 





600 BONE METABOLISM AND OSTEOMALACIA 


and a half. Almost from the time the disease was first recognized, there 
was discussion concerning its identity with rickets. But clinical and ana- 
tomical differences were soon observed which settled that question. 
Whether or not the process going on in the two conditions is essentially 
the same is anotaer question. Early in the last century, microscopical 
and chemical examination of specimens of bone in this disease showed 
decalcification similar to that which takes place when dead bone is placed 
in dilute hydrochloric acid. This appearance suggested that the condition 
was due to the action of an acid which dissolved the mineral constituents, 
leaving behind the soft osteoid tissue. This view is the one taken by 
Lobstein, Virchow, and, in fact, most pathologists since. These investi- 
gators consider the process in osteomalacia and in rickets essentially dif- 
ferent, in that in osteomalacia, the lime-free bone is believed to be normal 
bone from which the inorganic constituents have been dissolved out by 
an acid, whereas, in rickets the lime-free bone is believed to be newly 
made bone free from inorganic material. Cohnheim® was the first to 
express doubt concerning the correctness of Virchow’s conception of the 
process. According to Cohnheim, the bones, even in adults, are under- 
going active anabolism and catabolism. In osteomalacia, when bone is 
destroyed, organic substances as well as lime salts are taken up by the 
osteoclasts and then new bone made up of the organic matrix, but free 
from lime salts, is laid down just as in rickets. Evidence supporting 
either of these two opinions was not available at the time Cohnheim 
wrote. We can say, therefore, that until after 1889 nothing was known 
about the process taking place in osteomalacia except that the bones 
become poor in lime salts and that the decalcification begins at the inner 
surface of the bone and gradually reaches toward the middle of the 
cortex. 

In regard to the cause of the disease, hardly a guess was made until 
within twenty years. Certain investigators stated that they found lactic 
acid in the urine of patients with osteomalacia—a finding which was used 


in support of Virchow’s opinion that the process is one of halisteresis. 


But even this, if true, did not go very deeply into the cause. Since 1894, 
the disease has been very generally believed to be a disease of the ovaries, 
a belief due to the gynecologist, Feh!ing. In 1879, another gynecologist. 
Fochier,’’ had removed the uterus and ovaries as a complement to a 
Cesarean section in a case of osteomalacia, and noting that the patient 


9. Cohnheim, J.: Lectures on General Pathology, Transl. by A. McKee, 1889, 
i, 632. 

10. Fochier: Sur les modifications récentes de l’opération césarienne, A propos 
d’un cas d’amputation utéro-ovarienne comme complément de cette opération, 
Lyon méd., 1879, xxxi, 393, 473, 595, 545. 
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promptly recovered from the osteomalacia, recommended that the oper- 
ation be tried as a therapeutic measure. Fehling’' performed the opera- 
tion on a number of patients, and, later, in a number of other cases, 
removed only the ovaries., The operations were followed by very good 
results, and, as a result, Fehling expressed the opinion that osteomalacia 
was due to some disturbance in the functions of the ovaries. It has been 
suggested by other writers that osteomalacia is a disease of the adrenals, 
and of the thyroid gland, but the view of Fehling that osteomalacia is a 
disease of the ovaries is at present the prevailing one. 

It will be seen that before the process taking place in osteomalacia 
can be described and the cause explained, a number of points must be 
settled. We must know how the chemical composition of the bone in this 
disease differs from the normal, especially in its content of calcium, mag 
nesium, phosphate, sulphur and nitrogen, and how the absorption and 
excretion of these elements differ from the normal] in various stages of the 
disease. We must know what evidence there is of the presence of acid 
in the tissues. We must consider the evidence of histological examina- 
tions that have been made since Cohnheim wrote. It will be necessary 
also to consider certain clinical factors concerning the occurrence of 
osteomalacia, its course without treatment and with various kinds of 
treatment, especially castration. It will be necessary to consider the clin- 
ical effect, and the effect on the metabolism, of castration. And, in 
addition, it will be necessary to consider certain other matters—the no! 
mal metabolism of inorganic elements, the artificial production of rickets 
and osteomalacia, the apposition of foreign elements by bone—matters 
that bear on the interpretation of my results. These matters will be taken 
up in sequence, and the facts which I and others have established stated. 
Finally, the various established facts will be brought together and an 
attempt made to describe the process, explain the cause and outline the 


treatment. 
Il. THE PROCESS IN OSTEOMALACIA 
1. The Composition of the Bone in Osteomalacia 


A. Inorganie and Organic Material: Chemical analyses long 


showed that the amounts of mineral matter in the bone, and especiall 


the lime salts, were decreased in osteomalacia. The earliest analvsis. a 


ll. Fehling, H.: Zehn Castrationen; Ein Beitrag zur Frage nach dem Werthe 
ler Castration, Arch. f. Gynik., 1884, xxii, 441; Ueber Wesen und Behandlung 
der puerperalen Osteomalakie, Arch. f. Gyniik., 1891, xxxix, 171; Weitere Beitriige 
zur Lehre der Osteomalakie, Arch. f. Gyniik., 1895, xlviii, 472; Ueber Osteomalacie, 
Ztschr. f. Geburtsh. u. Gyniik., 1894, xxx, 471. 
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rough one of Bostock.’* showed but 20 per cent. of “earth matter” in 
the bone in a case of this disease. But in this case, and also in the 
analyses of Marchand, Bogner, Ragsky and von Bibra, the authors did not 
report their results in such form that they can be compared with later 
results. That the proportion of inorganic matter is decreased and that of 
organic matter increased is shown by Tables 1 and 2. which show the per 


centage of ene mh tiv porrve 


lanier | NORMAL Bont 


Inorgani Organic 

Frerichs 65.9-70.2 29.8-34.1 

Lehmann 67.72 32.28 

Zaleskyt 65.44 34.56 

Langendorff and Mommsens 54.24 45.76 

*Frerichs Leber die Chemische Zussammensetzung det menschlichen 
Knochen, Ann. d. Chem. u. Pharm., xliii, 251 

+ Lehmann: Ueber die chemische Zusammensetzung der Knochen, Schmidt’s 
Jahrb., 1843, xxxvii., 277 

t Zalesky: Ueber die Zusammensetzung der Knochen des Menschen und ver 
schiedener Thiere, Med.-Chem. Untersuch. a. d. Lab. . . . zu Tiibingen (Hoppe 


Sevler’s), 1866, i, 19 
§ Langendorff, O., and Mommsen, J.: Beitriige zur Kenntniss der Osteomalacie, 
Virchow’s Arch. f path Anat 1877. Ixix, 452 


Parte 2.—OsTROMALACIA Bon! 


Inorganic Organie. 
Durham 45.37 54.63 
Huppert? 25.7 74.29 
Moers and Muck 38.23 61.77 
Moers and Muck? 35.11 64.89 
Langendorff and Mommsens 37.8 62.2 
* Durham, A On Certain Abnormal Conditions of the Bones, Guy's Hosp 
Reports, 1861, series 3, x, 348 
T Huppe rt H Analy se eines osteomalacischen Knochens, Arch. d Heilk.. 
1867, viii, 345 
t Moers and Muck Beitriige zur Kenntniss der Osteomalacie, Deutsch. Arch 
f. klin. Med., 1869, v, 485 
§ Langendorff, O., and Mommsen, J.: Beitriige zur Kenntniss der Osteomalacie, 


Virchow’s Arch. f. path. Anat., 1877, Ixix, 452. 


To these results I can now add my own (Table 3), which shows the 


amounts of lime, magnesia and phosphoric acid in the bone. From these 
results it is clear that the relative amount of inorganic matter is decreased 
and the amount of organic matter increased in osteomalacia 

12. Bostock, J.: Analvsis of the Bones of the Spine in a Case of Mollities 


Ossium, Med.-Chir. Tr., IS19. iv, 38 























TABLE 3.—PEeERCI 


Human 
Horset 


* McCrudden, F. H.: 


Adolescent Osteomalacia, Jour. 


+ MeCrudden, F. H 
Physiol., 1906, xvii, 32 


rABLE 4 


Moers and Muck 


Moers and Muck 
MeCruddent 
MeCrudden (horse 


* Moers and Muck: 
f. klin. Med., 1869, vy, 
+ MeCrudden, F. H.: 
t MeCrudden, F. H.: 
B. 


Calcium: 


half its normal value 


not only the amount 


the ash 


amount of the 


in 


PERCENT 


is decreased 


other mineral constituents of the 
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NTAGE OF INORGANIC MATTER IN THE DRIED Bont 
Normal! Osteomalacia 
48.54 28.02 
56.74 35.61 


The Chemical 
siol. Chem., 


Analysis of Bone from a Case of Human 
1910, vii, 199 


The Composition of Bone in Osteomalacia, Am. Jour 


AGE OF CALCIUM OXID IN THE Drrep Bon! 
Normal! Osteomalacia 
17.36 
18.07 
28.85 15.44 
t 33.30 19.22 


485 


Beitriige zur Kenntniss der Osteomalacie, Deutsch. Arcl 
Jour. Biol. Chem., 1910, vii, 199 
Am. Jour. Physiol., 1906, xvii, 32 

The cal tum in the dried bone is de reased to nearly one- 
in these cases. From Table 5 it will be seen that 


of calcium in the whole bone. but also the amount 


to some extent. In other words, the re 


lative 


ash is increased, 


TABLE 5 PERCENTAGE OF CALCIUM OXID IN THE BoNE ASH 
Normal Osteomalacia 

Zalesky 52.64-53.06 

Langendortf and Mommsen? 53.05 14.48 
Gabrielt 51.31 

Hupperts 45.41 
Moers and Muck‘ 45.47 
Moers and Muck‘ 50.66 
° Zalesky : Med.-chem Untersuch. a d Lal zu_s' Tiibingen ( Hoppe 

Sey ler’s), 1866, i, 19 

+ Langendorff and Mommsen Virchow’s Arch. f. path. Anat., 1877. Ixix, 452 


t Gabriel, S.: 
und Ziihne, Ztschr. f. 


Chemische Untersuchungen iiber 
physiol. Chem., 


die Mineralstoffe der 
1894, xviii, 257 


Knochen 


§ Huppert: Arch. d. Heilk., 1867, viii, 345 
{ Moers and Muck: Deutsch. Arch. f. klin. Med., 1869, v, 485 
ABLE 6.—PERCENTAGE OF PHOSPHORUS PENTOXID IN THE Driep Bont 
Normal Osteomalacia 

Moers and Muck 18.20 
Moers and Muck 14.38 
MecCruddent 19.55 12.01 
MeCrudden (horse 23.44 16.28 

* Moers and Muck: Deutsch. Arch. f. klin. Med., 1869, 485 

+ MeCrudden, F. H.: Jour. Biol. Chem., 1910. vii, 199 

t MeCrudden, F. H.: Am. Jour. Physiol., 1906, xvii, 32 

(. Phosphate: The amount of phosphate is decreased On comparing 

Tables 4 and 6 it will be seen that the decrease in phosphate was onl 
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to about two-thirds the normal, whereas the decrease in calcium in the 
same cases was to nearly one-half the normal. In other words, the ratio 
P,O, :CaO in the bones in osteomalacia is greater than the normal ratio. 


TABLE 7 PERCENTAGE OF PHOSPHORUS PENTOXID IN THE ASH 
Normal. Osteomalacia. 
Zalesky* . 38.49-39.02 siiatiee 
Langendorff and Mommsent 43.93 34.76 
Gabrielt . 36.65 ee 
Hupperts . vaaan 39.26 
Moers and Muek‘ 47.67 
Moers and Muck‘ , 43.00 
as Zalesky : Med.-chem. Untersuch. a. d. Lab. . zu 7 iibingen ( Hoppe-Sey- 
ler’s), 1866, i, 19. 
+ Langendorff and Mommsen: Virchow’s Arch. f. path. Anat., 1877, Ixix, 452. 
tGabriel: Ztschr. f. physiol. Chem., 1894, xviii, 257. 
§ Huppert: Arch. d. Heilk., 1867, viii, 345. 
{ Moers and Muck: Deutsch. Arch. f. klin. Med., 1869, v, 485. 


The results here are rather variable. On comparing Tables 6 and 7, 
it will be seen that although the amount of phosphate in the dried bone 
is decreased to about two-thirds the normal, that in the ash is nearly 
unchanged. In other words, the decrease in the amount of calcium in the 
ash is partly made up by an increase in the relative amount of phosphate. 


FABLE 8.—PERCENTAGE OF MAGNESIUM OXID IN THE Driep Bone 


Normal. Osteomalacia. 

Moers and Muck 0.484 
Moers and Muck* , 0.902 
McCruddent . 0.14 0.57 
MecCrudden (horse)t ccan ae 0.48 

* Moers and Muck: Deutsch. Arch. f. klin. Med., 1869, v, 485. 

+ MeCrudden, F. H.: Jour. Biol. Chem., 1910, vii, 199. 

t McCrudden, F. H.: Am. Jour. Physiol., 1906, xvii, 32. 


D. Magnesium: The amount of magnesium is increased. This, taken 
in connection with the other results, means that the ratio of the mag- 
nesium phosphate to that of the calcium phosphate is increased over the 
normal. From this alone we would be strongly inclined to reject the 
theory that the process in osteomalacia is one of simple halisteresis com- 
parable with the action of an acid. It would be difficult to imagine how 
an acid could dissolve the calcium phosphate and leave the more soluble 
magnesium phosphate undissolved. Furthermore, if we could imagine 
such a condition, then, when the calcium was decreased in amount to one- 
half the normal, the relative amount of magnesium would be only doubled. 
But our tables show an increase of the magnesium of more than fourfold, 


which means that there is an inereased deposition of magnesium, and 
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strongly suggests that the magnesium is used in 


ciency in calcium. 


The ash analyses bring this point out again. 
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part to supply the defi 


Certain 


investigators have reported these results in the form of magnesium phos 


phate. Table 10 brings out the great incre 


han the other tables. 


TABLE 9 PERCENTAGE 


Zalesky ad 

Gabrielt .. 
Huppertt 

Moers and Muck§ 
Moers and Mucks§. 
* Zalesky: 
+ Gabriel: 
t Huppert: 
§ Moers and Muck: Deutsch. 


TABLE 10.—PERCENTAGES OF 


Gorup-Besanez* 
Gegenbauert 


OF MAGNESIUM 


Med.-chem. Untersuch. a. 
Ztschr. f. physiol. Chem., 1894, xviii, 257 
Arch. d. Heilk., 1867, 


ase In magnesium even more 


OxtIp IN THE BONE ASH 


Normal 


0.405-0.521 


Osteomalacia 


0.77 ; 

4.46 

1.267 

2.528 
d. Lab. zu Tiibingen, 1866, i, 19 

viii, 345. 
Arch. f. klin. Med., 1869, v, 485 
MAGNESIUM PHOSPHATE IN BONE ASH 


Normal 
1.04 


1.75 


Osteomalacia. 





Huppertt 


Chabrié§ 


9.6 

26.9 

* Gorup-Besanez: Lehrbuch der Chemie, 1874, iii 

+ Gegenbauer: Anatomie des Menschen, 1883, p. 98. 

t Huppert: Arch. d. Heilk., 1867, viii, 345 

§ Chabrié: Les phénoménes chimiques de l’ossification, Paris, 1895, p. 65 
TABLE 11.—PERCENTAGE OF SULPHUR 


IN THE Driep Bont 


Normal Osteomalacia 


McCrudden* 0.14 0.55 
McCrudden (horse) ft. 0.10 0.37 

* McCrudden, F. H.: Jour. Biol. Chem., 1910, vii, 199 

+ McCrudden, F. H.: Am. Jour. Physiol., 1906, xvii, 32. 

E. Sulphur: These results are of special interest. The organic matrix 


of bone is made up largely of glycoproteins which, compared with most 
other proteins, are rich in sulphur, so that we should expect in osteo 
to find 


But, if the process were a halisteresis, 


malacia, in which the percentage of organic matter is increased, 


an increased amount of sulphur. 
similar to that which takes place when bone is placed in acid, we should 
expect in cases like the two which we studied, in which the calcium had 
decreased to nearly half its normal value, to find the amount of sulphur 
increased in both cases 


doubled, whereas it has 


‘his, again, as in the case of 


correspondingly nearly 


nearly fourfold. 1 magnesium, suggests that 








606 BONE METABOLISM AND OSTEOMALACIA 


there is an apposition of new tissue, in this case an apposition of tissue 
similar to the organic matrix of normal bone. 

Summary of Results of Bone Analyses: To summarize the results of 
the bone analyses, we can say that in osteomalacia the proportion of inor- 
ganic constituents is decreased and the proportion of organic constituents 
increased. ‘The decrease in the proportion of inorganic constituents is 
due to a loss of calcium phosphate. The proportion of magnesium phos- 
phate and of the organic matrix of bone is increased. The increase is 
greater than can be accounted for by simple decalcification, so that we 
must assume that it is due to material newly laid down to replace the 
calcium phosphate. These findings are in accord with Cohnheim’s theory, 
and lend considerable weight to it, and cannot be explained by the theory 


of halisteresis. 


2. Metabolism Experiments in Osteomalacia 


If, as the bone analyses seem to indicate, the catabolism of calcium is 
increased and the apposition of magnesium and material rich in sulphur 
increased, we might expect examination of results of metabolism experi- 
ments in the active period of the disease to show a disturbance of the 
equilibrium in the case of these elements. Moers and Muck," 
Schmuziger,’* Fehling,’® Denecke’* and Schuchardt'’ made quantitative 
determinations of the calcium in the urine in osteomalacia, but, since 
calcium is excreted chiefly in the feces, and these investigators examined 
neither food nor feces, their results are of little value. At this point, 
also, we shall not consider the studies carried on when the patient was 
recovering, either as the result of castration or other treatment, or the case 


of one patient who was far advanced in pregnancy, or the case of one 


patient who had suffered many years and was so severely afflicted that 


castration did not afford even temporary relief. A consideration of the 
stage of the disease in comparing the results of the metabolism experi- 

13. Moers and Muck: Beitriige zur Kenntniss der Osteomalacie, Deutsch. Arch. 
f. klin. Med., 1869, v, 485. 

14. Schmuziger, F.: Zur Urinuntersuchung bei puerperaler Osteomalacie, Cen- 
tralbl. f. d. med. Wissench., 1875, xiii, 946. 

15. Fehling, H.: Ueber Wesen und Behandlung der puerperalen Osteomalacie, 
Arch. f. Gyniik., 1891, xxxix, 171. 

16. Denecke, H Ueber das Verhalten der Kalk-und Phosphorsiiureaus- 
scheidung im Harn Osteomalacischer vor und nach der Castration, Inaug. Diss., 
Wiirzburg, 1896 

17. Schuchardt, L.: Quantitative Bestimmung von Kalk- Magnesia- und Phos- 
phorsiiureausscheidung im Harn Osteomalakischer vor und nach den therapeut- 
ischen Eingiffen. Inaug. Diss., Wiirzburg, 1897. 
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ments is an important matter, and will be returned to later. A failure to 


do this accounts for the apparently contradictory results which certain 


investigators obtained. 


TABLE 12.—SUMMARY OF THE RESULTS OF COMPLETE METABOLISM EXPERIMENTS 
ON PATIENTS WITH ACTIVE OSTEOMALACIA 


Experimenter. Duration Weight of Weight of 
of Expt. CaO in CaO 
Days. Food. in Excreta. Loss 

Limbeck* é 2.965 5.604 2.642 
Korezynskit ‘ : loss of CaO 
Hist 8.66 0.82 
Hist 6.08 ‘ 1.16 
Neumanns } 11.26 i 0.39 
Hotz‘ 10.78 2.73 1.95 
Goldthwait, Painter, 

Osgood and MeCrud 

qn . 4.56 5.66 1.10 
McCruddent 6 3.44 8.27 4.83 

* Limbeck, R. von: Zur Kenntniss des Osteomalacie, Wien med. Wehnschr., 
1894, xliv, 737, 743, 844. 

+ Korezynski, L. von: Zur Kenntniss des Stoffwechsels bei Osteomalacie, Wien 
med. Presse, 1902, xliii, 1073, 1131, 1117, 1228; Zwei Stoffwechselversuche bei 
Osteomalacie, Centralbl. f. Stoffwechsel. u. Verdauungskr. ,1902, iii, 61. 

tHis: Zur Phosphortherapie bei Osteomalacie, Deutsch. Arch. f. klin. Med., 
1902, Ixxiii, 546. 

§ Neumann, S8.: Weiterer Untersuchungen iiber die Stoffwechselverhiiltnisse 
des Calciums, Magnesiums, der Phosphorsiiure und des Nitrogens bei puerperaler 
Osteomalacie, mit besonderer Beriicksicht auf die durch die Castration und andere 
therapeutische Eingriffe verursachten Veriinderungen des Stoffwechsels, Arch. f. 
Gyniik., 1896, li, 130. 

" Hotz, G.: Phosphorsiiure- und Kalkstoffwechsel bei Osteomalacie unter dem 
Einfluss der Phosphortherapie, Ztschr. f. exper. Path. und Therap., 1906, iii, 605. 

** Goldthwait, Painter, Osgood and McCrudden: Am. Jour. Physiol., 1905, 
xiv, 211. d 

Tt McCrudden, F. H.: Am. Jour. Physiol., 1906, xvii, 211. 


A. Metabolism of Calcium: It will be seen from Table 12 that there is 
always a loss of calcium by the body, a result which is in accord with the 


low calcium content of the bones in this disease. 


B. Metabolism of Phosphorus: Studies of the phosphorus metabolism 


have given variable results. Later, after we have considered the calcium 
metabolism in different stages of the disease, the reason for the variable 
results will be clear. 


FABLE 13.—MAGNESIUM OXID IN THE Foop AND EXCRETA 


Duration. Reten 
Investigator. Days. Food Excreta tion. 
Goldthwaite, Painter, Osgood and 
MecCrudden* . 8 2.207 2.015 0.192 
*Am. Jour. Physiol., 1905, xiv, 211. 
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C. Metabolism of Magnesium: Corresponding with the increased con- 


‘ 


tent of magnesium the bone in osteomalacia, we find (Table 13) that 
the body i aining magnesium. 


SULPHUR IN THE Foop AND EXCRETA 


Duration Reten- 
Investigator Days ‘00 Excreta tion. 
Goldthwaite, Painte1 rood and 

MeCrudden* 8 Li 2.68 4.47 

*Am,. Jour. Physiol., 1905, xiv, 211 

D. Metabolism of Sulphur: Here. again (Table 14). as in the case 
of magnesium, we find a retention corresponding with an increased 
amount of the element in the bone. 

E. Metabolism of Nitrogen: In our experiments and in those of von 
Korezynski, there was always retention of nitrogen. 

Summary of the Results of Metabolism Experiments: To summarize 
briefly the of the metabolism experiments, we find that the body 
is losing calcium and retaining magnesium and sulphur. These results 

those obtained by bone analyses and confirm the suppo- 

lacia the process is not one of simple passive halis- 

of increased bone metabolism. Old bone is 

one laid down. But the new bone is similar to the 

normal bone and is free from, or poor in, calcium phos- 
\ | there is a partial replacement of the calcium phos- 


osphate - 


Results of Pathological Investiqations 


to be answe red is whether or not histological inves- 
g in support of our chemical investigations. If we 
ones, we find osteoid tissue at the junction of epiphyses 


as beneath the periosteum ; that is, the organic 
I 


ut the lime salts. If we examine the bone in osteo- 
ar osteoid tissue, but not, as in rickets, beneath the 
the boundaries of epiphyses and diaphyses, but in the 
n proximity to the Haversian canals. Yet, in the 


; 


tissue is considered new lime-free bone, and, in 
ileified bone. There was no good reason for this 
the bone when once laid down was supposed 

ing metabolism—a point which will be discussed 
rred to Cohnheim’s opinion that the process 


substitution of magnesium phosphate for calcium phos 


scussed later 
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in osteomalacia is not one of halisteresis, but is essentially the same as 
that in rickets. The statement that Cohnheim makes’® is that whenever 
bone disappears Howship’s lacune are at once formed and filled with 
osteoclastic giant cells that take up organic ground substance as well as the 
mineral constituents, and that the osteogenic zones must have originated 
by apposition. He admits that the minutiw of the process are completely 
unknown, but states that at no stage does an osteoid tissue free from lime 
occur. ( ohnhe im could not adduc e good evidence in favor of his opinion. 
Certain microscopical observations concerning bone changes have since 
been made, however, which have an added interest in view of the chemical 
findings. 

The important finding in these histological investigations was an abun 
dance of osteoblasts in the osteoid zones of the bones in osteomalacia. Von 
Recklinghausen*® especially made a very interesting and exhaustive report 
on the histology of osteomalacia and certain other similar conditions. He 
called attention to the abundance of osteoblasts and Sharpey’s fibers, and 
to the “youthful appearance,” as he calls it, of many of the bone cor- 
puscles as evidence that the osteoid tissue is new tissue. He refers also 
to the fact that patients with osteomalacia often start a good callus forma- 
tion. It may not be amiss here to refer to his statement regarding th 
similarity of the histological appearance in osteitis deformans and osteo 
malacia. In fact, he regards osteitis deformans as a local osteomalacia. 
As a result of increased metabolism at one place, the bone at this place 
remains uncalcified for a time, in consequence of which the characteristi« 
bending occurs. The results of one experiment which we performed on a 
patient with osteitis deformans are in accord with this view.** Tachiro,’ 
too, has observed the abundance of osteoblasts in the osteoid tissue in osteo 
malacia, and notes the fact that this osteoid tissue is contiguous to and 
continuous with young proliferating endosteum, and that the new forma- 


tion of osteoid tissue is parallel with the disappearance of old bone. He, 


I 
too, confirms the observations of von Recklinghausen regarding the sim 


ilarity in the process of osteitis deformans and osteomalacia. Hanau’s 
discovery,” which will be referred to again, that, in many cases of preg- 


19. Cohnheim, J.: Lectures on General Pathology, Transl. by A. McKee, 1889, 
i, 632. 

20. Recklinghausen, F. von: Die fibriése oder deformirende Ostitis, die Osteoma- 
lacie und die osteoplastische Carcinose in ihren gegenseitigen Beziehungen, Fest- 
schr. Rudolph Virchow zu seinem 71 Geburtstage gewidmet, Berlin, 1891 

21. Goldthwait, Painter and Osgood: Am. Med., 1904, vii, 547, 590 

22. Tachiro, Y.: MHistologische Untersuchungen an osteomalacischen Knochen, 
seitr. z. path. Anat. u. z. allg. Path., 1903, xxxiv, 220 

23. Hanau, A.: Ueber Knochenveriinderungen in der Schwangerschaft und 
iiber die Bedeutung des puerperalen Osteophyts, Fortschr. d. Med., 1892, x, 237 
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nant women with apparently sound bones during life, post-mortem exam- 
ination showed an appearance similar to osteomalacia, especially in the 
bones of the pelvis, is in accord with the view that the osteoid tissue is new 
tissue, for he too found osteophytes in this tissue. The histological inves- 
tigations, then, are in accord with the chemical in indicating that the 
process in osteomalacia consists in a replacement, by new calcium-free or 
calcium-poor bone, of normal bone that has undergone catabolism. 

My conclusions regarding the process in osteomalacia may in part 
explain the controversy regarding infantile osteomalacia. Rehn,** espe- 
cially, has reported certain cases which he differentiated from rickets and 
called infantile osteomalacia. In this diagnosis he was confirmed by von 
Recklinghausen. But Ziegler*® disputed this diagnosis and called the cases 
rickets. It may well be that in a severe enough case of rickets not only 
may the body fail to supply lime salts to parts of the bone which should 
calcify, but may also destroy bone which has already become calcified and 
lay down new osteoid tissue instead. 

j. Metabolism in Normal Bones 

All the evidence concerning osteomalacia so far considered points 
toward the conclusion that in this disease the catabolism of bone is 
increased, and that the body fails to respond with an apposition of normal 
bone. It is worth while at this point to consider what other evidence 
there is that the mineral constituents of the bone are capable of undergo- 
ing metabolism. In the first place, it may be stated that the view that the 
mineral constituents of the body are dead and not a part of the living 
body and undergoing metabolism, is a remnant of the old view that there 
is a sharp distinction between the living or organic elements or compounds 
and the inorganic, a view long since disappeared. We do not have any 
difficulty in understanding that the small amounts of calcium, magnesium 
and iron in the blood or muscles are used up and have to be renewed—in 
other words, undergo metabolism ; and it is difficult to uaderstand why the 
pathologists who took Virchow’s view could find difficulty in believing 
that the mineral salts of the bone undergo metabolism. If the muscle 
cells, with their fraction of 1 per cent. of mineral salts undergo metabol- 
ism, then why not also the bone cells with their 50 or 60 per cent. mineral 
salts? We have no difficulty in understanding that the material of the 
blood plasma or the connective tissue or neuroglia fibrils must be renewed. 


24. Rehn: Ein Fall von infantiler Osteomalacie, Jahrb. f. Kinderh., 1878, new 
series, xii, 100: Ueber Osteomalacie im Kinderalter, Jahrb. f. Kinderheilkunde, 
1883, new series, xix, 170. 


25. Ziegler: Lehrbuch der speciellen pathologischen Anatomie, Ed. 6, 1890, 


Jena, p. 123 
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Why should there be any difficulty in understanding that the quite analo- 
gous bone should be renewed? A priori, then we should say that bone 
normally undergoes metabolism. But there is more direct evidence of 
both bone anabolism and bone catabolism. 

When a fracture occurs, we have evidence of new bone formation in 
the formation and subsequent calcification of the callus, and in starvation 
we have evidence of bone destruction. Thus it was shown that the pro- 
fessional fasters, Cetti and Breithaupt, after a week to ten days of starva- 
tion, were excreting nearly as much calcium per day as in the begin- 
ning.*® The amount of flesh catabolized could be calculated from the 
amount of nitrogen excreted and, the amount of calcium in flesh being 
known, it could be shown that the amount lost was much more than 
could be accounted for unless it was assumed that the calcium in the 
bones was undergoing catabolism. This is likewise true of Munk’s experi 
ment on dogs.** Forster** fed a dog a diet poor in calcium for twenty- 
six davs. In that time, the dog lost 13.57 gm. calcium over and above 
that taken in the food. By analysis of the different organs, Forster 


showed that this must have come chiefly from the bones. Besides the 


] 
f 


metabolism experiments, we have direct analyses of the bones showing 


} 


that the mineral constituents are used up during starvation. Voit’s*® 


experiments, which were the first to show that the bones lose weight 


during starvation, can not be used as evidence because he did not show 
that the mineral constituents decrease. Weiske’s*® negative results in the 
case of starving dogs are likewise not conclusive on account of the short- 
ness of the expe riments (seven to eleven days). Sedlmair’s experiments 
are interesting and conclusive.** This author starved cats for a month 
or more, analyzed the excreta, and, at the end of the period, analyzed 
the bones of the cat and compared the results with those of normal cats. 

26. Lehman, C., Mueller, F.. Munk, L., Senator H., and Zuntz, N.: Untersuch 
ungen an zwei hungernden Menschen, Virchow’s Arch. f. path. Anat., 1893, exxxi, 
(Supplementheft). 

27. Munk. I.: Beitriige zur Stoffwechsel- und Erniihrungslehren, Arch. f. d 
ges. Physiol. ( Pfliiger’s), 1894, lviii, 309. 

28. Forster: Ueber die Verarmung des Kérpers, speciell der Knochen an Kalk 
bei ungeniigender Kalkzufuhr, Ztschr. f. Biol., 1876, xii, 464. 

29. Voit, C.: Ueber die Verschiedenheit der Eiweisszersetzung beim Hunger, 
Ztschr. f. Biol., 1866, ii, 307. 

30. Weiske, H.: Ueber den Einfluss der Nahrungsentziehung auf das Gewicht 
und die Zusammensetzung der Organe insbesondere der Knochen und Ziihne. 
Ztschr. f. physiol. Chem., 1896-7, xxii, 485. 

31. Sedimair, A.: Ueber die Abnahme der Organe, insbesondere,. der Knochen, 
beim Hunger, Ztschr. f. Biol., 1899, xxxvii, 25. 
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The amount of calcium excreted which came from bone was equivalent 
to 1 per cent. per day of the total bone of the cat, a confirmation of the 
results of Munk and Forster. But Sedlmair showed in addition by bone 
analyses that there was a loss of from 4.6 to 13.8 per cent. of the ash and 
from 2.5 to 11.6 per cent. of the calcium oxid of the bones. In one cat 
there was a loss of 13.8 per cent. ash, 11.6 per cent. calcium oxid, and 12.8 
per cent. ossein—results which are close enough to suggest that the or- 
ganic and inorganic materials of the cell were destroyed together. Studies 
of the calcium metabolism, then, indicate that the bone is constant} 
undergoing metabolism. 

Studies of the phosphate metabolism lead to the same conclusion as 
studies of the calcium metabolism. It is commonly stated that the 
excretion of nitrogen and phosphorus are nearly parallel; that the ratio 
N:P in the excreta is almost constant and, on the average, is about the 
ratio in which these elements occur in flesh, so that theoretically the phos- 
phorus excretion might be roughly used as a measure of protein metab- 
olism. This belief is probably based on the statement of Zuelzer,** who 
came to such conclusions as a result of his work. His own tables on 
which he bases his conclusions do not show such constancy but, on the 
contrary, show great variation in the ratio. More recent experiments*™ 
show that the phosphorus and the nitrogen excretion vary quite inde- 
pendently even on a constant diet,** and the amount of phosphorus meta- 
bolized may be much greater than could come from the flesh metabolized. 
Determinations of the ratio of nitrogen to phosphorus in different tis- 
sues have been made,** ** so that from the amount of nitrogen ex- 
creted in starvation we can tell the maximum amount of phosphorus cor- 


responding f neither bone nor nervous tissue were destroyed. This has 


been done,** ** and there wae always a great excess of phosphorus that 
fly ‘rom the bones since it has been shown that the 


must have come chit 


l 


dry brain and cord, the other phosphorus-rich tissues, do not lose weight 


32. Zuelzer, W Ueber das Verhiiltniss der Phosphorsiiure zum Stickstoff im 
Urin, Virchow’s Arch, f. path. Anat., 1876, pp. 66, 223, 282. 

33. Biichmann, L.: Beitriige zum Phosphorstoffwechsel, Ztschr. f. diiitet. u. 
physik. Therap., 1904-5, viii, 66. 

34. Kellar, A.: Phosphor und Stickstoff im Siiuglingsorganismus, Arch. f. 
Kinderh., 1900, xxix, 1. 

36. Cronheim, W., and Miiller, E.: Versuche tiber den Stoff- und Kraftwechsel 


des Siiuglings mit besonderer Beriicksichtigung des organisch gebundenen Phos 
phorse, Ztschr. f. diitet. u. physik. Therap., 1902, vi, 25, 92. 


37. Munk, I.: Beitriige zur Stoffwechsel- und Erniihrungslehre, Arch. f. d. ges. 
Physiol. ( Pfliiger’s) , 1894, lviii, 309. 
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results, for example, 
then that the bones, 


og metabolism con- 


‘To sum process in ymalacia, 


we may say thi perin h | bones are normally 
undergoing isn are being built uy | destroved like other 
tissue. Th in infants, and bon 
are gradually d I dd the new bon 


in lime salts. f th s not the case, an he new 


contain salts is free from these constituents, soft lime-free bone 


iormed, and this gradually bends with the weight of the body and the 


child becomes rickety. In children the apposition of lime salts must be 


more rapid than the d uction Metabolism i wise golng on 


} 
f 4 


later life, and if 
pace with the destruction, ime salts, and, 
when this condition is extreme, the bon é n rickets, giving the 
picture of osteomal: formans, 
New bone is 
organi matte! 

. 


anabolic processes metabolism o 


bone may not be -free bone 
and we may hav 

malacia. The difficu 

bone is evident from 


callus after a fracture. 


course different in these different conditions, 


far as the bone itself is concerned 

So far I hav 

but have merely d bed the aki plac all next « 
sider the caus« f » dl I metabolisn n t! ase of osteo- 


malacia. 
) OSTEOMALAC 


Osteomalaci 
damp dwellings, 
tracted lactation, 
38. Forster, J.: Versuche ii l d yr d and in 
Nahrung, Ztschr. f. Biol., 187 
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nitrifying ferment.*® Hoennicke*® thinks that it is a disease of the thy- 
roid gland, and Bossi*’ that it is a disease of the suprarenal capsules. 
The hypotheses most widely accepted, however, have been that the actual 
process is due to the action of an acid, commonly believed to be lactic 
acid, and that the condition is a disease of the ovaries. Let us first con- 
sider the acid theory. 


1. The Action of an Acid in Causing Osteomalacia 


The hypothesis that osteomalacia is due to the action of an acid on 
the bones is based on the theory that in osteomalacia the process is one 
of halisteresis whereby the mineral constituents are dissolved and the 
organic matrix of the bone left behind. And this hypothesis falls with 
the fall of the halisteresis theory. Furthermore, recent investigations, 
which it will be unnecessary to go into in detail, have shown that the blood 
and tissue fluids do not become acid, that in the proportions of disodium 
hydrogen phosphate, monosodium hydrogen phosphate, sodium acid car- 
bonate, and carbonic acid we have a delicate mechanism for preserving 
the neutral reaction of the blood and tissue fluids within very narrow 
limits. But, as the halisteresis theory had an apparent confirmation in 
the finding of lactic acid in the urine in osteomalacia, we must examine 
the evidence bearing on this point. Schmidt** states that he found 
lactic acid in the bones in osteomalacia, and Moers and Muck,'* and 
Langendorff and Mommsen* state that they found this acid in the urine 
in cases of osteomalacia. These investigators boiled the ethereal extract 
of the urine with zine oxid and, observing rhombic crystals in the dried 
residue, called them zine lactate. A number of aromatic acids may go 
into solution in the ethereal extract whose zinc salts may be confounded 
with zine lactate—hippuric acid, for example. In fact, by the same 
method, Langendorff and Mommsen found lactic acid in normal urine. 


Neither Schmuziger** nor Heuss** were able to find any lactic acid in 


39. Petrone: Osteomalakie, Centralbl. f. Gyniik. 1893, xvii, 392. 

40. Hoennicke, E.: Zur Theorie der Osteomalacie, zugleich zur Lehre von den 
Krankheiten der Schilddriise, Berl. klin. Wehnschr., 1904, xli, 1154; Ein Kanin- 
chen mit experimenteller puerperaler Osteomalacie, Deutsch. med. Wehnschr., 
1906, xxxii, 167. 

$1. Bossi, L.: Nebennieren und Osteomalacie, Centralbl. f. Gyniik., 1907, xxxi, 
69, 172. 

$2. Schmidt, C.: Knochenerweichung durch Milchsiiurebildung, Ann. d. Chem. 

Pharm. ( Liebig’s), 1847, lxi, 329 

$3. Langendorff and Mommsen: Virchow’s Arch. f. path. Anat., 1867, Ixix, 452. 

$4. Schmuziger, F.: Zur Untersuchung bei puerperaler Osteomalacie, Centralbl. 

d. med. Wissensch., 1875, xiii, 946. 

$5. Heuss, E.: Ueber das Vorkommen von Milchsiiure im menschlichen Harne, 
Diss Leipsic, 1889 
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the urine in their cases, and, in our case we looked for this substance in 
vain. There is, then, no good evidence that lactic acid occurs in the urine 
in osteomalacia. 

Lactic acid has been fed to animals in the attempt to produce osteo- 
malacia artificially. Thus Siedamgrotsky and Hofmeister*® fed this 
substance in large amounts to goats and state that, as a result, the bones 
became poorer in lime salts. But Heiss,** who fed from 2 to 8 
lactic acid a day to dogs for nearly a year, was unable to find that it had 
any effect whatever on the macroscopic or microscopic appearance or the 
chemical composition of the bones. It is not unlikely that, if there were 
any change in the bones in the experiment of Siedamgrotsky and Hof- 
meister, the most probable explanation is that it was due to digestiv: 
disturbances following the large amounts of lactic acid fed, for they 
obtained no such results after hydrochloric acid or sulphurie acid. So 
these experiments show negative results. Indeed, it takes concentrated 
lactic acid to decalcify bone in vitro, and it was such acid that Moers 


. 


used to show that lactic acid will deealecify 


bone. Yet no one can suppose that concentrated lactic acid appears in 


the tissues. According to von Mosetig-Moorhof*® even fairly concen- 


and Muck!* and Henning* 


trated lactic acid does not decaleify bone. Here again the results are 


negative. 


¢ 


The acidity of the blood has been determined by titration to find if 


there was decreased alkalinity in this disease. Renzi.°° von Jaksch,” 
Issmer,°? Truzzi.** and Ejisenhardt,®* found decreased alkalinity. But 

46. Siedamgrotsky and Hofmeister: Die Einwirkung andauernder Milchsiiure 
verabreichung auf die Knochen der Pflanzenfresser, Arch. f. Thierheilk., 1879, 
v, 243. 

47. Heiss, E.: Kann man durch Einfiihrung von Milchsiiuve in den Darm eines 
Thieres dem Knochen anorganische Bestandtheile entziehen? Ztschr. f. Biol., 1876, 
xii, 151. 

48. Henning, C.: Die héheren Grade der weiblichen Osteomalacie, Arch. f 
Gyniik., 1873, v, 494. 

19. Von Mosetig-Moorhof Milchsiiure als Zerstérungsmittel pathogenet 
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Truzzi found that this apparent decreased alkalinity persisted even after 


his patient was cured. Fehling.®® and von Limbeck®*® found no decreased 
alkalinity, and Senator®’? found the alkalinity increased. It may be 
remarked that even a decrease in the alkalinity of the blood or tissue 
fluids would not make them a better solvent for calcium phosphate. The 
actual presence of free acid is necessary and formation of acid in the 
tissues would not be shown bv blood analysis, for such an acid would 
be immediately neutralized, just as the carbonic, sulphuric, and other 
acids constantly forming are continuously being neutralized. And 
furthermore, we know now that we cannot determine the alkalinity of 
the blood by titration methods. Beck®* has made determinations of the 
nitrogen distribution in the urine in osteomalacia and, from his low 
figures for the amount of ammonia, we must conclude that there is no 
evidence of acidosis in osteomalacia. Furthermore, in conditions of 
i idosis, ior eX\ar pie In severe diabetic coma, there Is no evidence of 
osteomalacia. ‘rom beginning to end, the evidence in regard to the 
theory that the p n osteomalacia is due to the action of an acid is 


inilormly 


Ovaries to Osteomala a: The Etioloqy of Puce r- 


peral Osteomalacia 


\ consideration of the relation of the ovaries to osteomalacia brings 


up the whole question of the effect of the ovaries on the metabolism, the 


internal secretion of the ovaries and the effect of castration. A study of 
the known data concerning this subject shows that very little accurate 
scientific work has been done. The statements concerning the matter are 
mostly based on data that has to be excluded when critically examined, 
so that I felt obliged to take up the subject experimentally. The results 


1 


of that work, with the literature on the whole subject of castration, have 


} 
chief conclusions together with a discussion of the bearing on osteo- 


just been published,*® so that it will be necessary to give here only the 


malacia 
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Let s nside! st wW osteomalacia has en Db ved to i 
disease of the ovaries. At Porro’s suggestion, Fochier of Lyon’® and 
Levy of Copenhagen,” among others, had carried out supravaginal ampu 


tation of the pregnant uterus and ovaries as a complement to Cesarean 
section in certain cases of osteomalacia and noted that the operation had 
a good therapeutic effect on the diseas \s a result, Fochier proposed 
that this operation be tried in other cases of osteomalacia. Noting thes 
results, and believing that the good effect might be due to the removal 
of the ovaries, Fehling** performed ovariotomy on a number of patients 
with osteomalacia, and the operation was followed by good therapeutic 
results. He then expressed the opinion that osteomalacia was due to 
pathologically increased activity of the ovaries leading to stimulation of 
the vasodilators or paralysis of the vasoconstrictors, followed by con 
gestion and hyperemia of the bones and solution of the lime salts In 
the light of results concerning the process in osteomalacia, I am inclined 
to suggest at once that there is no reason to believe that hvperemia of 
the bones would lead to increased catabolism of calcium rather than an 
increased anabolism. In other words, an increased blood-supply would 


l 


lead only to increased metabolism as a whole, and there would be no loss 


of calcium. We need not concern ourselves, however, with the question 
of these details but only with the larger question as to whether or not 
osteomalacia is a disease of the ovaries. From the writings of travelers, 
and as a result of barnyard and cattle-breeding experience, the sexual 
glands have jong been supposed to have some control of the metabolism, 
especially over growth, and over the growth of the bones in parti 

ular.®** Since Fehling first suggested castration as a therapeutic measure 
in cases of osteomalacia others have reported good results following this 
operation and the belief that osteomalacia is a disease of the ovaries has 
} 


become quite genera 
Let us consider first the effect of castration on the metabolism of 
normal individuals. ‘This matter is discussed in detail in mv pape! 


already referred to, and the conclusion I was obliged to come to was that 
a careful study of verv abundant clinical data in the case of human 


beings shows that castration has no effect on the general metabolism. | 


61. Levy Kaisersehnitt nach Porro, Copenhagen, 1880 Quoted from Desid 


erius von Velitis Ueber die Heilung der Osteomalacie Im Anschluss an wel 


lurch Castration geheilten Fiille, Ztschr. f. Geburtsh. u Gynii IS92, xxill, 323 

62. Fehling, H Ueber Wesen und Behandlung der puerpalen Osteomalacie 
Arch. f. Gyniik., 1891, xxxix, 171; Weitere Beitriige zur Lehre von der Osteomal 
akie, Arch. f. Gyniik., 1895, xlviii, 472; Ueber Osteomalacie, Ztschr. f. Geburts! 


u. Gyniik., 1894, xxxi, 471 
63. This whole matter is discussed in detail in my pap 


Jour. Biol. Chem., 1910, vii, No. 3 
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castrated several adult male and female dogs and made complete 
metabolism studies of the nitrogen, sulphur, calcium, magnesia and phos- 
phorus for long periods, and was obliged to conclude that castration has 
no effect on the metabolism of adult animals. Less complete metabolism 
experiments on puppies have given likewise negative results. Compara- 
tive studies of the total amount ef phosphate in normal and castrated 
animals have given negative results. 

Comparative studies of the fat metabolism, of the storage of 
fat, and of the amount of oxygen used in cases of norma! and castrated 
animals give similarly negative results. The feeding of ovaries and 
ovarian extracts have likewise led to negative results. Practically the 
only experimenters who find that castration has any effect on the metab- 
olism are those whose experiments have been incomplete—who have 
studied the urine only. The experience of farmers, who find that by 
castrating male chickens they get a fatter bird, must be explained by the 
less active life of the capon compared with that of the active, aggressive 
cock. Excluding the results obtained in osteomalacia for the present, we 
see that experiments concerning the relation of the ovaries to the metab- 
olism have given negative results. So far as I am able to find, castration 
has no effect on the metabolism. Let us next examine the results 
obtained by castration in osteomalacia. 

It was a consideration of the results of my own experiments con- 
cerning the effect of castration on the metabolism that led to my 
conclusions concerning the etiology of the disease. If we take up these 
results first the results of other investigators will be clearer. In my 
first experiment I found, as already stated, a loss of calcium and phos- 
phorus and a retention of magnesium, sulphur and nitrogen. After the 
first experiment the ovaries of the patient were removed and, a few 
months later, a second metabolism experiment of fourteen days’ duration 
was carried out.“* The condition of the patient improved as a result of 


the operation. Even union of a fractured bone took place. The second 


metabolism experiment showed retention of calcium as though the 
process had become cured. ‘Table 15 shows the results®® of the calcium 


metabolism. 

64. Goldthwait, Painter, Osgood and McCrudden: Am. Jour. Physiol., 1905, 
xiv, 211. 

65. Such a change for the better in the caleium metabolism in patients who 
were recovering was observed in a case studied by S. Neumann (Weitere Unter- 
suchungen tiber die Stoffwechselverhiiltnisse des Caleiums, Magnesiums, der Phos- 
phorsiiure und des Nitrogens bei puerperaler Osteomalacie, mit besonderer Riick- 
sicht auf die durch Castration und andere therapeutische Eingriffe verursachten 
Veriinderungen des Stoffwechsels, Arch. f. Gyniik., 1896, li, 130; also: Quantitative 
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TABLE 15.—METABOLISM OF CALCIUM OXID 


In urine 


In feces 

Total excreted 
In food 
Retention 


The results so far appeared to confirm the opinion that osteomalacia 
is a disease of the ovaries. I then waited for over a year and then, on 
hunting up the patient to make a third metabolism experiment, found 
that her condition was worse than ever. About this time she had two 
slight fractures. Another metabolism experiment of six days was carried 
out and it was found that calcium was being rapidly lost again.* Table 
16 shows the calcium balance. Castration did not cure the patient. 
There was apparently a temporary cure after the operation and then the 
pathological process started afresh later. Yet, if osteomalacia is due to a 
condition of overactivity of the ovaries, the conclusion seemed inevitable 
that the patient without ovaries could not have osteomalacia, and espe 
cially could not have such a process start afresh once it was stopped. 
This result led me to look up care fully the effect of castration in other 
cases of osteomalacia to see if the operation always resulted in a per 
manent cure. 


TABLE 16.—CALCIUM BALANCE 


In urine 1.58 


In feces 6.69 


Total excreted 
In food 
Loss 


An examination of the clinical results of castration in osteomalacia 
naturally began with an examination of the cases of Fehling. By 1895 
Fehling had reported fourteen cases of osteomalacia treated by castra- 
tion.** Of the patients but six were well three years after the operation, 


Two were not cured, and one of these, as in my own case, showed a 


temporary improvement and then became worse. The others either died 


Jestimmung des Calciums, Magnesiums, und der Phosphorsiiure im Harn und Koth 
bei Osteomalacie, Arch. f. Gyniik., 1894, xlvii, 202); and by G. Hotz (Phosphor- 
siiure und Kalkstoffwechsel bei Osteomalacie unter Einfluss der Phosphortherapie, 
Ztschr. f. exper. Path. u. Therap., 1906, iii, 605). 

66. Fehling, H.: Weitere Beitriige zur Lehre von der Osteomalacie, Arch. f. 


Gyniik., 1895, xlviii, 472. 
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or were lost track of. Von Winckel* reported three cases, of which one 
was improved after castration. Wheaton® tried castration in one case 
without benefit. Polgar®® tried the operation in six cases. A cure fol- 
lowed in but two Latyko*’ castrated one patient, but without effect. 
In one out of two cases Neumann” failed to help by castration. Truzzi™ 
reported 97 cases of osteomalacia treated by castration; 16.9 per cent. 
of the patients were not cured. These results have not been especially 
selected to show that castration is not always followed by cure, but include 
most of the results reported in the literature. Yet a very large percentage 
of patients were not cured by the operation. Furthermore, most of them 


were not followed for any length of time so that the percentage of cures 

is probably much less even than the figures indicate, for, in the cases 

that were followed, mine and Fehling’s, some of the apparent cures were 
‘ 


found to be only temporary. If osteomalacia is due to overactivity of 
the ovaries, it is difficult to understand how a patient without ovaries 


can have osteomalacia. It might be suggested that perhaps the process, 


once started by overactivity of the ovaries, keeps on for some reason even 
after these organs are removed, but opposed to this view we have the cases 
of patients who were temporarily cured by castration and in whom the 
process started again later. I shal] return later to the causes of the good 
teomalacia, but the point to be made here is that 


effect of castration in os 
in a large percentage of cases, castration does not cure osteomalacia. This 
finding leaves us with no evidence in favor of the hypothesis that osteo- 
malacia is a disease of the ovaries. 

As opposed to the view that osteomalacia is a disease of the ovaries, 
we have besides the negative results of castration on many cases of the 
disease, the negative findings in histological examination of the ovaries 
in these cases. A number of such ovaries have been investigated. Bulius™ 
made a careful study of six cases and found no change. He was obliged 
to critize an earlier paper of his own, in which he found a certain amount 
of hyperemia and hyalin degeneration of the arterial walls. In this 
connection, we think, too, of the cases of osteomalacia in young women 


before the ovaries have begun to function and especially of the cases 


67. Winckel, F. von Ueber die Erfolge der Castration bei ber Osteomalakie, 
Samm). klin. Vortr Volkmann’s), new series, No, 71 

68. Wheaton, Osteomalacia, Northwest. Lancet, 1891, xi, 389. 

69. Polgar, E.: Die Heilung der Osteomalacie mittelst Castration, Arch. f. 
Gyniik., 1895, xlix, 30 

70. Latyko, W Ueber Osteomalacie, Allg. Wien. med. Ztg., 1893, xxxviii, 
393, 403. 

2. Truzzi Ann. di ostet, 1894; cited by Fehling, Arch. f. Gyniik., xlviii, 472 
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73. Bulius, G.: Osteomalacie und Eierstock, Beitr. z. Geburtsh. u. Gyniik., 1898, 
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of osteomalacia in men. Such cases are rare, but they do occur and 


autopsy has confirmed the diagnosis in some cases. If, then, osteomalacia 


is not a disease of the ovaries, what is the cause, and how do we explain 
the good effects of castration ? 


If we bear in mind the facts already pointed out, that the bones are 


constantly undergoing metabolism, we see one direction in which to look 
for the cause of osteomalacia. When the necessity of the organic food ma 


terial is increased without a corresponding increase in the supply, or when 
the supply is decreased, as in starvation, the glycogen and fat stored in 
various parts of the body are gradually transferred to parts of the body 
where needed and there used up. If now, in some way, the need for 


salts is suddenly greatly increased, the catabolism of bony 1 


+ 
ss] ! 
it I 


increased. And since, except in rare cases, osteomalacia occurs ot 
pregnancy, we immediately think of the growing fetus with its 
demand for calcium for its bony tissue as the cause of the increased catab- 
olism of the bones of the mother. This possibility indicates the direction 
in which to look for evidence 

A strong point in favor of this opinion that the growing fetus causes 
a certain drain on the lime salts in the mother’s bone is to be found in the 
observations of Hanau.** This investigator found at autopsy changes 


similar to osteomalacia in the bones, and especially the bones of the pelvis, 


of twenty women who were apparently free from any symptoms of this 
disease during life. A clinical observation of Fehling’s*® fits in with these 
findings. Fehling has observed that many women who have several 
quickly succeeding pregnancies have pain and tenderness in the pelvic 
bones as in osteomalacia but without deformity, and has suggested that 


these are lighter grades of osteomalacia. It seems probable, then, that in 


pregnant women, the normal catabolic processes in the bones are increased 


just as the normal catabolic processes in general are increased on behalf 
of the fetus and that, oste lealing with extreme cases 


of a normal process. 
Clinical evidence, too, points in this direction. areful examination 
of the clinical histories of as many cases of osteomalacia as could be found 


in the literature brought out certain facts that had not before been empha- 


sized. In the first place, osteomalacia rarely begins in the first or even in 
the second pregnancy but usually only after several rapidly succeeding 
pregnancies, and, furthermore, is usually seen in poor women whose 
hygienic environment is bad. As a 1ule, the first attack appears in the 
later months of pregnancy and the patient usually recovers after parturi 
tion. A second attack may not occur. u f pregnancies succeed each 


other rapidly, other attacks occur, and the succeeding attacks begin earlier 
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and earlier in succeeding pregnancies, are more severe, and last longer 
after the pregnancy is ended, until finally there is no recovery. In other 
words, it is only after a long-continued and severe drain on the bones of a 
poorly nourished patient that the body fails to respond to the demands on 
it, and even then recovery follows if the severe demands are not continued. 
Of course not every case runs like this, but this is the typical course of the 
disease. 

These clinical features seemed so important and suggestive that a 
search was made espe ially to see if other investigators had not made any 
similar observations. It was found that Cohnheim*™* mentions the fact 
that it is common for osteomalacia to heal after the first pregnancy and 
then undergo an exacerbation during each succeeding pregnancy. 
Latyko,*® too, has made observations nearly similar to mine regarding the 
clinical course of the disease. The observation made by Cohnheim’*® that 
lractures occurring during pre gynancy are slowly repaired because a proper 
callus is formed with difficulty, is a point in favor of my theory. In the 
case of the fracture, there is a lack of lime salts for the formation of new 
bony substance. In the case of osteomalacia, there is a lack of lime salts 
for the formation of normal bone to take the place of that which is being 
destroyed, at an increased rate on account of the pregnant state. Both 
histological and clinical evidence, then, are in favor of the view that 
osteomalacia is but an exaggeration of the increased metabolism of the 
bony tissues in pregnancy, and the question naturally comes up as to 
whether there is any chemical evidence pointing in the same direction. 

As chemical evidence in this direction we must consider the metabol- 
ism experiment of Neumann® on a patient with osteomalacia during preg- 
nancy. Instead of a loss of calcium, he found a retention in this case 
(Table 17). There was likewise a retention of magnesium and phos- 
phorus. These are the only elements he studied. Here the abnormal 


process is going on and magnesium is retained. The calcium phosphate is 
not excreted but given up to the fetus. That a healthy fetus can develop 
in a woman who has osteomalacia and who therefore is not in a condition 
to give up ilme salts without severe consequences to her own tissue is not 
surprising in view of the results of Jiigcroos,** who showed in experi- 
ments on dogs that a fetus can develop at the expense of the mother even 
when there is a negative phosphorus, nitrogen, and salt balance in the 


metabolism of the mother. 
76. Cohnheim, J.: Lectures on General Pathology. Eng. transl. by A. McKee, 


1889, vol. ii, sect. 2, p. 636 


77. Jiigeroos, B Studien iiber den Eiweiss, Phosphor, und Salzumsatz 


wiihrend. des Graviditiit, Arch. f. Gyniik., 1902, Ixvii, 517. 
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That is to say, when there is not enough material in the food even 
for the mother alone, the fetus continues to grow and the growth here, 
as in osteomalacia, is at the expense of the tissues of a mother who is not 
in condition to give up material. The chemical evidence, then, is not 
abundant but is in accord with our view concerning the etiology of the 


disease. 


TABLE 17.—CALCIUM OXID AND PHOSPHORUS PENTOXID IN OSTROMALACIA DURING 
PREGNANCY 
PAD. 
In food . ‘ 14.70 
In excreta 13.26 
Retained 
ion then comes up as to why castration cures 
less severe cases of osteomalacia. The answer is simple. A great many 


different kinds of treatment besides castration have been followed by 


either temporary * permanent cure in cases of osteomalacia. Thus, 


hloroform narcosis,’ * and especially phos- 


chloral.7® sulphur baths,*® *® ¢ 
phorus®’ have cu many cases. The cures following injection of adre- 
nalin have even led Bossi*! to the conclusion that osteomalacia is a disease 


glands. Good hygienic treatment alone is very effec- 


of the suprarenal 


tive.®* and, furthermore, many patients recover without any treatment. 


On the other hand all these measures, including castration, sometimes fail. 


Besides our case, only one other case of non-puerperal osteomalacia can 


be found in the literature in which castration was tried.** The operation 
in our case failed to cure the patient. In the other case the patient was 
said to be improved after three months but was not further followed. The 
important thing to note in the case of the castration therapy is that it 


prevents further pregnancies so that, except in severe cases, the cure is 


likely to be permanent. 
So far then as puerperal osteomalacia is concerned, we can say 


it is not a disease of the ovaries, but an exaggeration of a process 

78. Petrone: Osteomalakie, Centralbl. f. Gyniik., 1893, xvii, 392. 

79. Weisz, E.: Beitrag zur Heilung der Osteomalacie, Wien. klin. Wehnschr., 
1894, vii, 423. 

80. Sternberg, M.: Ueber Diagnose und Therapie der Osteomalacie, Ztschr. f. 
klin. Med., 1893, xxii, 265. Hixter, O.: Beitriige zur quantitativen Harnanalyse 
bei Osteomalacie unter dem Einfluss der Phosphortherapie, Ztschr. f. exper. Path. 
u. Therap., 1906, ili, 605. Siegert, F.: Ueber typische Osteomalacie im Kindes- 
alter, Miinchen. med. Wehnschr., 1898, xlv, 1401. Bernstein: Die Oophorinbe 
handlung bei Osteomalacie, Miinchen. med. Wehnschr., 1898, xlv, 427 

82. This probably explains the temporary improvement of our patient 

83. Hofmeier, M.: Zur Frage der Behandlung der Osteomalacie durch Castra 


tion, Centralbl. f. Gyniik., 1891, xv, 225 
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normally going on. Normally the anabolic and catabolic processes in the 
bones balance each other. In pregnancy, as a result of increased needs 
of the fetus for lime salts, the apposition of lime salts in the bones may 
not quite make up for the lime salts destroyed and the new bone formation 
contains less lime. If this latter process is greatly exaggerated, the bones 
can not preserve their rigidity and the patient has osteomalacia. 


3. Non-puerperal Osteomalacia 


If puerperal osteomalacia is, then, due to a disturbance of the equilib- 
rium of the calcium phosphate metabolism, we might expect that other 
conditions might occasionally lead to a condition similar to that seen in 
puerperal osteomalacia either by decreased calcium anabolism or by 


increased calcium catabolism. As a matter of fact, we do find cases of 


non-puerperal osteomalacia. The disease has occasionally been reported in 


men and in unmarried women. The patient whose metabolism we studied 
was an unmarried girl 18 years old. One of the bones which we analyzed 
came from a young man with the disease. Among 360 cases of osteoma- 
lacia reported by five writers, there were 39 cases of the disease in men, 
but, as these statistics are old, there is some question about the diagnoses. 
Without making a special search for all cases, I was able to find ten cases 
of the disease reported in unmarried women during the last twenty-five 
years—the diagnosis being confirmed in some cases by autopsy—and nine 
cases in men, four of which were confirmed by autopsy. Concerning the 
cause in these cases we know little, probably because a systematic search 
has not been made for a cause. Calcification of various tissues is not at 
all uncommon and a number of papers have been appearing lately showing 
that heteroplastic bone formation is not very rare. In a recent paper on 
the subject Buerger and Oppenheim™ point out that such bone formation 
has been found in the dura, pia, chorioid, muscles, bladder, scars, lungs, 
pleura, eye, stomach, liver, and lymph-nodes. Systematic search might 
show in these cases what Hanau’s investigation showed in pregnant 
women, that a certain degree of decalcification of bones frequently takes 
place to supply the lime needed even though it is not great enough to give 
symptoms of osteomalacia. And, on the other hand, careful search at 
post-mortem examination might show where the lime salts were going to 
in these non-puerperal cases. Henning** refers to the abundance of con- 
cretions of lime salts in different parts of the body, especially the kidneys, 

84. Buerger, L., and Oppenheim, A.: Bone Formation in Sclerotic Arteries, 


Jour. Exper. Med., 1908, x, 334 
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two cases of 
1] 


n follows 


an act he wound 


may not 


prolongs 1 
id 


excretion 
enormous am ction of an excess of lime 
salts after the need for them has ceased is a good one. It is not uncommon 
for the body to continue a process once started even after the need for it 
has ceased. The production of certain antit is an example of thi 

An example of this is also seen in the metabolism experiment on my 
patient. When she began to improve after the operation, and calcium was 


retained, the retention of sulphur did not cease at once but only later. 


Another observation in this line is that of Kehrer that when healing of the 


bones does take place in cases of osteomalacia they become ¢ specially hard. 
This matter will be referred to again later. We must conclude, however, 
t} rare cases 


that, although we understand the process, the cause for these r: 


of non-puerperal osteomalacia is not always lear. 


Artificial Osteoma/lacia 


If osteomalacia can be produced by a naturally occurring drain on the 


lime salts of the bones, it seems probable that a similar condition might 
be produced artificially. Chossat** was the first to try such an experiment. 


He fed pigeons a diet poor in lime salts. The bones became thin and 
fractured easily, and post-mortem examination showed that they were 


partly made up of soft cartilaginous material. Edwards** repeated the 
experiment and produced a condition more nearly like osteoporosis. In 
this case, the bone was destroyed as a whole, organic and inorganic 


material together but, apparently, no new bone was laid down. Roloff*® 
produced rickets in young dogs and swine which were { a diet poor in 
lime salts. Voit.*° also, produced rickets in puppies fed on such a diet. 


86. Berger: Amélioration spontanée survenue dans un cas d’osteomalacie mas- 
culine arrivé aux déformations les plus extrémes avec complications de lithiase 
vésicale et rénale, Presse méd., 1905, xiii, 249 

87. Chossat: Note sur le syst@me osseux, Compt 
xiv, 451 

88. Edwards, A.: Expériences sur la nutrit 
d. se., 1861, lii, 

89. Roloff, F.: ) Osteomalacie und 
i, 189 

90. Voit. E.: Ueber die Bedeutung des Kal 


Ztschr. f. Biol., 1880, xvi, 55 
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The experiments of Stilling and Mering™ and Roloff*®® are conclusive 
regarding the production of puerperal osteomalacia. Stilling and Mering 
fed a female dog on a diet poor in calcium salts during the whole of the 
period of pregnancy. After parturition, the dog was killed and was found 
to have true osteomalacia in the bones of the pelvis and ribs. Roloff 
performed a similar experiment on a sheep and continued the diet poor 
in calcium throughout the period of lactation. The sheep became lame 
and showed the clinical picture of osteomalacia. Post-mortem examina- 
tion showed a condition of true osteomalacia in the bones. It is not to 
ue Supposed that it is a diet poor in calcium that brings about the condi- 
tion in :»man beings, but the feeding of such a diet to pregnant animals 
gives the best conditions for the artificial production of the disease. These 
experiments are in complete accord with my views regarding the etiology 


of osteomalacia. 


5. The Replacement of Calcium by Maqnesium in Osteomalacia. 


One more point that is best treated at this place is the question of the 
partial replacement of calcium by magnesium in these cases. I am not 
dealing here with ion action, so that the quite opposite physiological! effect 
of these elements does not come into consideration. The calcium phos- 
phate is used to make the bony structure rigid, and a partial substitution 
in a time of need by the similarly insoluble magnesium phosphate does not 
seem out of the question. There is, too, experimental evidence that cal- 
cium can be replaced in part by similar elements under certain conditions, 
Thus Kénig** fed three sets of young rabbits food poor in calcium phos- 
phate. To the diet of one set, calctum phosphate was then added, to the 
diet of another set, magnesium phosphate, and to the diet of the third set, 
strontium phosphate. The rabbits which were given magnesium phosphate 
were found to have twice as great an absolute amount of magnesium in 
the bones as the others. In the case of the rabbits fed strontium phos- 
1 to the body, the amount of calcium in the bones 
was decidedly decreased and about 5 per cent. strontium found instead. 
The earlier experiments of Weiske** when he used adult animals gave 


91. Stilling, H., and Mering, J.: Ueber experimentelle Erzeugung der Osteo- 
malacie, Centralbl. f. d. med. Wissensch., 1889, xxvii, 303. 

92. Roloff: Ueber Osteomalacie und Rhachitis, Arch. f. Thierheilk., 1879, v, 
152 

93. Kénig, J Substitution des Kalkes in den Knochen, Ztschr. f. Biol., 1874, 
x, 69 

04. Weiske, H.: Ueber den Einfluss verschiedenen der Nahrung beigemengte 


Erdphosphate auf die Zusammensetzung der Knochen, Ztschr. f. Biol., 1892, viii, 
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negative results, but later experiments,®* in which he used young animals, 
gave results like those of Konig. It is clear, then, that magnesium can act 


as a substitute for calcium in the bones when the organism has not enough 


calcium at its disposal. 


IV. THE METABOLISM IN DIFFERENT STAGES OF THE DISEASI 
A closer examination of the results of the metabolism experiments in 
different stages of the disease gives a clearer picture of the process going 
on. Tables 18, 19, and 20 give a summary of the results of three of ou 


l 


metabolism experiments during the different stages of the disease. 


TABLE 18.—METABOLISM DURING THE ACTIVE STAGE OF OSTEOMALACIA 


8 days. CaO MgO. P.O, S. N. 
Total excreted 5.66 2.015 12.37 2.68 63.02 
In food . 4.56 2.207 12.05 7.15 69.12 
Retention —1.10 +0.192 —0.32 +-4.47 +6.10 


The experiment™ shown in Table 18 was carried out during the active 
stage of the disease. There was a loss of calcium and phosphate and a 


retention of sulphur and magnesium. 


TABLE 19.—METABOLISM AFTER REMOVAL OF OVARIES 


14 days. CaO. S. N 
Total excreted . 7.20 4.84 104.3 
In food 10.03 10.54 27.0 
Retained . 1-2 83 +-5.70 2 7 


The experiment™ shown in Table 19 was performed after t 
were removed and as soon as the patient began to show signs of improv 


rr 


ihe improvement 


ment. Magnesium and phosphate were not studied. 
had led to retention of calcium. There was also a retentio1 


probably because the improvement had only just begun. The retention 


of sulphur persisted for a time and did not become normal as soon as 


the improvement in the calcium metabolism appeared. The retention of 
t as in the first « xperiment, however. In the first 


1} 
suipnhur was not so grea S 


experiment the ratio of the sulphur retained to that of the nitrogen was 
(3:100. In this experiment it was only 25:100. In all probability the 
good hygienic conditions in the hospital were as much responsible for th« 
temporary improvement in this case as the operation. The retention of 


95. Weiske, H.: Versuche iiber die Wirkung einer Beigabe von Calcium, 


Strontium, resp. Magnesium carbonat zu einem kalkarm, aber phosphorsiiure 
reichen Futter auf den thierischen Organismus inbesondere auf die Zusammenset- 


zung das Skelettes, Ztschr. f. Biol., 1895, xxxi, 421. 
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so much nitrogen is in accord with this belief. The patient continued to 
improve for some time after this and there was union of a bone on which 


osteotomy had been performed. 


rasre 20 IETABOLISM A YEAR AFTER TABLE 19. 

6 days Cal), MgO. P.O,. S. N. 
lotal excretion 8.27 1.764 10.35 2.793 34.68 
In food . 3.44 1.504 12.28 2.897 38.85 
Retained 4.83 —),260 +1.93 +0.104 +4.17 


The experiment? shown in Table 20 was performed more than a year 
after the second experiment. Just before this experiment the condition 
had begun to grow worse. Two spontaneous fractures had occurred a few 
weeks previously. In this experiment, again, there was a loss of calcium, 
which, judging from the clinical condition, had begun recently. The 
sulphur metabolism nearly balanced. A marked retention had hardly 
begun. This is a condition which might well explain the occurrence of 
the fracture. There was an increased catabolism of the bone to which 
the body had not yet responded by an increased apposition, a condition 
leading to a temporary osteoporosis. In both the second and the third 
experiment it will be seen that an increased catabolism or anabolism of 
bone is not immediately followed by an increase in the reverse process. 
The slow response to changed conditions in the metabolism is seen, too, 
in the later and later recovery from attacks of osteomalacia after succes- 
sive pregnancies until finally there is no recovery and the increased calcium 
catabolism continues. This, too, is quite in accord with the hypothesis 
that some of the cases of non-puerperal osteomalacia may have been due 
primarily to a need for calcium by other parts of the body and that the 
increased catabolism so started becomes permanent. The cases of osteo- 
malacia in males, already spoken of, which were apparently started by a 
need of calcium to repair broken bones are in accord with this hypothesis. 

The retention of calcium during an improvement in the condition is 
also shown in other experiments. The metabolism in osteomalacia during 
pregnancy has been spoken of already. In this case, as we should expect, 
there is retention of calcium even during the active stage of the disease. 
But this retention is probably only an apparent one since the calcium goes 
to the fetus and is not retained by the mother herself. Finally, in the 
very last stages, after the amount of calcium phosphate in the bones has 
decreased to a very low level, the body is able to maintain a calcium 


balance at this low level for a time before death. 
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SUMMARY OF THE ETIOLOGY AND 


Putting our results tog 
A need of calcium pl vy the growing 
to by an increased catabolis1 f the bones of the mothe: 
balanced by an increased apposition of the normal bone ot 
nourished woman of low vitality, by apposition of bone 
from lime but containing a slightly increased amount 


1 


phosphate. After the end of gestation, or ‘lactation, when 
} 


pone 


calcium phosphate has ceased, an apposition of normal 
and the patient may recover. After repeated, following pregnan 
cies, the amount of calcium phosphate in bones becomes less and 
less. A new pregnancy begins before the organism has made up for the 
loss of calcium phosphate in the preceding pregnancy. And, further, 
the long-continued increased catabolism continues longer after the need 
for it has ceased. Finally, the decrease in the calcium phosphate of the 
bones is so great that it is beyond the power of the patient to increase 
the anabolic processes to such an extent that they will not onlv balance 
the increased catabolism but that earlier losses will be made up. In the 
very last stages, the body has lost so much calcium that the total amount 
in the bones is very low, the daily loss becomes very small, and a balance 


can be maintained on this very low level for a time before death. 








¥ 





We might even represent a typical case by such a figure as the accom 
panying illustration 

The line gx represents time; gy the amount of calcium phosphate in 
the bony system The perpendicular lines represent the beginning of 
pregnancies; ga » normal amount of calcium phosphate; qt is the 
amount welow which symptoms of osteomalacia appear. At b, we may 
imagine a pregnancy to begin, and at ¢ lactation is supposed to end. Re 
covery begins soon after, at d, and is complete at ¢. Another pregnancy 


begins at f. Recovery begins at h and a new pregnancy at i before 


recovery 1s complete. recovery aiter the next pregnancy at m is less 


complete and, finally, in the next pregnancy symptoms of osteomalacia 


appear aud the disease becomes permanent. The periods cd, qh, k/, no, 
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the lengths of time after parturition or lactation that recovery begins, 
become successively longer and longer. The lines de, hi, lm, op, become 
successively less steep, indicating more prolonged convalescence. 

In cases of non-puerperal osteomalacia, it seems likely that some long- 
continued need for calcium, such as undoubtedly often occurs, starts an 
increased catabolism of the bones which in some cases may persist after 
the primary need has ceased. 

In rickets, osteitis deformans, and senile osteomalacia, the process 
would seem to be similar although the course and histological appearance 
may be different. In young infants, a balanced metabolism of calcium 
phosphate is not sufficient. The apposition of new normal bone contain- 
ing lime salts must be more rapid than the destruction and whatever in- 
terferes with this preponderance of anabolism over catabolism may lead 
to rickets. In senile osteomalacia, the condition is one of osteoporosis. 
The bones become not soft, but thin, owing to the fact that increased 
bone catabolism is not responded to in the aged by an apposition of even 
soft lime-free bone. In osteitis deformans, we have a condition of local 


osteomalacia. 


VI. THE TREATMENT OF OSTEOMALACIA 


From what has been said concerning the etiology of osteomalacia, it 
will be seen that the treatment depends on the individual case. It is 
probably useless to resort to castration in a condition of non-puerperal 
osteomalacia or a very severe case of puerperal osteomalacia, and, in mild 
cases of puerperal osteomalacia, it is usually needless to resort to this 
operation. Good hygienic conditions should be relied on to improve a 
mild case and the patient should be advised concerning the dangers of 
rapidly occurring pregnancies. The recent results in bringing about arti- 
ficial menopause by the z-rays** leads me to suggest that this treatment 


might be tried instead of the more severe operation in a case in which 


sterilization seemed advisable. 
96. Halberstaedter, L.: Die Einwirkung der Rintgenstrohlen auf Ovarien, 
Berl. klin. Wehnschr., 1905, xlii, 64. Cournelle, F. de: Action atrophique glan- 


dulaire des rayons de Rintgen, Semaine méd., 1905, xxv, 116; Stérilisation ovar- 


hez la femme par les rayons de Réntgen, Semaine méd., 1907, xxvii, 568. 
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THE SYMPTOM-COMPLEX OF THE ACUTE POSTERIOR 
POLIOMYELITIS OF THE GENICULATE, AUDITORY, 
GLOSSOPHARYNGEAL AND PNEU MOGAS- 

TRIC GANGLIA 
J. RAMSAY HUNT, M.D. 

NEW YORK 


In previous communications! I have already elaborated in some detail 
the symptomatology and complications of the posterior poliomyelitis of 
the geniculate ganglion of the facial nerve; a syndrome which is char- 
acterized by herpes zoster oticus, facial palsy and auditory symptoms. 
When the ganglion alone is involved, herpes oticus results, the eruption 


being distributed in the central portions of the external ear. If the 


lion to the nerve-trunk, facial palsy 
follows; and when deafness and symptoms of Méniére’s disease occur 


inflammation extends from the gang 


they are produced either by an extension of the inflammatory process to 
the adjacent auditory nerve or by simultaneous involvement of the 
peripheral auditory ganglia (Fig. 1). 


I shall now consider the localization of the same process 1n the per 


ipheral root ganglia of the glossopharyngeal, vagus, and auditory nerves 


their respective neural complications and the various clinical combina- 


tions which may occur.? I shall also endeavor to differentiate the zoster 
zones of the geniculate, glossopharyngeal, and vagal ganglia on the exter- 
nal ear, and within the buccal cavity. It may be said in general that 
all of these clinical types are related, and together form a definite group 
of cases, which is characterized by herpes zoster of the cephalic extremity, 
with facial palsy, auditory, and pneumogastric symptoms 
combinations, 

This group forms an interesting chapter of herpes zoster, an affectio 
which is distinguished by an eruption of herpetic vesicles, usually ur 
lateral, and strik tly limited to a definite area of the skin or mucous men 
brane (the zoster zone). The underlying lesion is an inflammation 

1. Hunt, J. Ramsay: MHerpetic Inflammation of the Geniculate Ganglion 
New Syndrome and Its Complications, Jour. Nerv. and Ment. Dis., 1907, xxxiv, 73; 
id., Otalgia Considered as an Affection of the Seventh Cranial Nerve, Arch. Otol.. 
1907, xxxvi, 371; id., Ein Fall von Poliomyelitis posterior des Ganglion Geniculi, 
Neurol. Centralbl., 1908, xxvii, 514. 

2. Hunt, J. Ramsay: The Paralytic Complications of Herpes Zoster of the 
Cephalic Extremity; a Preliminary Report on the Herpetic Inflammations of the 
Geniculate, Glossopharyngeal, Vagal and Acoustic Ganglia, Jour. Am. Med. Assn., 
19G3, lili, 1456. 








HERPES ZOSTER OF THE CEPHALIC EXTREMITY 


the sensory ganglion or ganglia corresponding to the eruption. The 


eruption is usually confined to the distribution of a single ganglion, but 


this is not alwavs so, and double, triple, and even multiple forms occur. 


The region of the head and neck is especially liable to involvement of 
more than one ganglion in zona. 
In my previous papers, I have particularly emphasized the occasional 
presence of inflammatory reactions in those ganglia situated immediately 
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CENICULATE G : | (ff Ly MOTOR R 
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SENSORY FILAMENTS TO 
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TEMPORO -FAC 
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Fig. 1.—Diagrammatic representation of the facial nerve, showing its ganglion, 
motor and sensory roots, and peripheral divisions. Division I: The great super- 
ficial petrosal nerve passing to Meckel’s ganglion, with its tympanic branch (great 
deep petrosal). Division If: The small superficial petrosal nerve passing to the 
otic ganglion, with its tympanic branch (small deep petrosal). Division III: In- 
cluding the motor trunk, chorda tympani and sensory filaments for the external 
eal 


above or below the chief or eruptive focus; or that corresponding to the 
zoster zone. I would draw attention again to this serial involvement of 
ganglia as having an important bearing on the neural complications 
which are to be considered later. 

The specific infective agent of zona is unknown, but whatever its 
nature may be, it possesses a definite and special affinity for certain 


ganglionic structures, of which the posterior root ganglia of spinal nerves 
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and the Gasserian ganglia are types. It produces in these structures an 
inflammation, having the same general pathological] characteristics as the 
acute anterior poliomyelitis. Because of the similarity between these two 
inflammatory affections, one of the anterior horns, the other of the pos- 
terior ganglionic chain, herpes zoster has been termed an acute posterior 
poliomyelitis (Head and Campbell*). 

It is now generally accepted by anatomists that the geniculate. glosso- 
pharyngeal, pneumogastric, and even the acoustic ganglia, are homo- 
logues of the posterior spinal ganglia, and form an integral part of this 
ganglionic chain For this reason, | believe that these vanglia may also 
be involved in the specific infection and inflammatory reactions of zona 
(posterior poliomyelitis). Recent investigations have shown that the 
acute anterior poliomyelitis occasionally invades the motor cranial nerve 
ganglia; the same is also true of posterior poliomyelitis and the various 
root ganglia of the seventh, eighth, ninth and tenth nerves, giving rise 
to a series of interesting syndromes, the real nature and significance 
of which have not been recognized. 

The nerve complications which arise, like the herpetic eruption, ar 
unilateral, and are produced by an extension of the inflammatory process 
in the ganglion to the adjacent fibers of the seventh, eighth, ninth and 
tenth nerves. These may occur with the outbreak of the eruption, or, as 
more commonly happens, several days, or even a fortnight, later. This 
period of quiescence or latency, intervening between the appearance of th 
eruption and that of the nerve involvement, suggests that the inflam- 
matory process in the ganglion may be more or less progressive in char- 
acter in its earlier stage, and has not reached its full height with the 
appearance of the vesicles. This tendency to slight progression receives 
a further clinical corroboration from the occurrence of successive crops 
of vesicles in the earlier period of the disease. 

The clinical statistics which are utilized in my paper are based on the 
records of eighty-seven cases of herpes zoster of the cephalic extremity, 
in which there wad# an associated facial palsy. In this entire series, the 
eruption was limited to one or more of the zoster zones of the head and 
neck. Among these cases there were many with auditory complications, 
and a few with symptoms pointing to involvement of the pneumogastri: 


nerve. In order to illustrate the various clinical types, my own unpub- 


lished cases will be presented in abstract form, together with certain 


cases recorded by other observers illustrating special features 
disease. 


The subject-matter will be considered under the 


headings: 


3. Head, H., and Campbell: Pathology of Herpes Zoster, Brain, 1900, xxiii 
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1. Report of personal cases of herpes zoster oticus. 

2. The zoster zones of the geniculate, glossopharyngeal, and vagal 
ganglia on the external ear (herpes zoster oticus). 

3. The paralytic complications of herpes zoster oticus, 

4. The intra-oral zoster zones of the glossopharyngeal, and vagal 
ganglia (herpes zoster pharyngis and herpes zoster laryngis). 

5. The complications of herpes zoster pharyngis and herpes zoster 
laryngis. 

6. Herpes zoster of the tongue with facial palsy. 

7. Posterior poliomyelitis of the auditory ganglia. 

8. The paralytic complications of herpes zoster facialis and herpes 
zoster occipitocollaris. 

9. Concluding remarks. 





Fig. 2 Che topographical landmarks of the external ear. 


1. REPORT OF PERSONAL CASES OF HERPES OTICUS 

Case 1.—Herpes Zoster Oticus.—( Neurological service of Prof. Dana, Cornell 
Medical School). W. F., aged 16, in good health. Onset Nov. 16, 1907, with head- 
ache, chilly sensations and pain in the occipital region. The patient was unable 
to work and remained at home several days; there was no vomiting but consider- 
able nausea with fever. The patient was examined in the Cornell Medical Clinic, 
November 20. On admission his temperature was 102; pulse 108. There was an 
eruption of herpes in the left ear which had made its appearance on November 17. 
There was no discharge from the ear, and the hearing was not affected; there was 
no tinnitus aurium. The eruption had the following distribution: A small group 
on the posterior half of the concha; a somewhat larger group immediately pos- 
terior to this on the antibelix; another on the posterior portion of the antihelix 
and one just beneath its fold, in the postero-superior boundary of the concha. 
The auricle was somewhat swollen. There was no eruption within the canal; no 
vesicles on the face or neck. The innervation of the facial nerve was equal on the 
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two sides. Objective examination of the ear was negative. There was some 
hypalgesia in the region of the eruption. 


Case 2.—Herpes Zoster Oticus.—(Referred from the New York Eye and Ear 
Infirmary. Service of Dr. Whiting.) Mrs. L., aged 22, in good health. Onset 
Monday, Jan. 4, 1909, with roaring in the right ear. During the day there were 
severe pains in the auditory canal and mastoid region. The next day, the lower 
half of the auricle became swollen, tender and bluish-red in color, and an eruption 
made its appearance in the swollen area. A few enlarged tender glands were 
palpable below the auricle. The tinnitus aurium continued for several days and 
the hearing was slightly reduced on the affected side. The eruption had the fol 
lowing distribution: the antitragus and the helix immediately above and the 
lobule immediately below the antitragus. All trace of the vesicles disappeared in 
two weeks. The canal and tympanum were free from vesicles, as were also the 
face and neck. 





Fig. 3—Diagram of the sensory nerves of the sealp and facx ] great 
occipital; (2) small occipital; (3) auricular branch of the pneumogastric: (4) 
great auricular; (5) auriculotemporal; (6) temporal branch of superior maxillary 
nerve; (7) supra-orbital; (8) supratrochlear; (9) malar branch of superior maxil 
lary nerve; (10) infratrochlear; (11) nasolobular; (12) infra-orbital; (13) buccal 


branch of inferior maxillary nerve; (14) mental. (From Holden’s Anatomy 
CASE 3. Herpes Zoster Oticus. (Referred from the Otological Clinie of the 
Cornell Medical School by Dr. McAuliffe.) Miss F., aged 18, in good health. 


Onset in August, 1908, with severe pains in the lobule of the left ear and in the 
depth of the auditory canal; of a sharp, shooting character. On the third day 
there appeared several small groups of herpetic vesicles on the posterior mesial 
surface of the auricle and the adjacent mastoid region, corresponding to the dis 
tribution of the auricular branch of the vagus. There was no tinnitus and the 


hearing was undisturbed. Canal and tympanum were free. The eruption desic- 
cated and disappeared, leaving a few small scars. The neuralgic pains (post 
herpetic otalgia) persisted for a long time and were very severe. Six months 
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later, the patient was still subject to nuralgic pains in the ear, very sharp and 
shooting in character and causing a distinct reflex jerk of the head. The hearing 
was normal, 

Comment.—This case is interesting because of the persistent and severe post- 
herpetic otalgia and the localization of the herpetic vesicles, posteriorly, in the 
cleft between the auricle and mastoid process, within the distribution of the 
auricular branch of the vagus (Fig. 3). 


Case 4.—Herpes Zoster Oticus with Facial Palsy.—(Referred from the New 
York Eye and Ear Infirmary, by Dr. Robert G. Reese). J. M., aged 19, was exposed 
to cold on Feb. 1, 1909; this was followed by coryza and chilly sensations. The 
next day there were pains in the depths of the left ear, concha and mastoid region, 
which were so severe during the night that the patient could not sleep. On Feb- 
ruary 5, there was a paralysis of the left side of the face; but no tinnitus, and the 











Fig. 4 (Case 4).—Feripheral facial palsy in conjunction with an eruption of 
herpes zoster in the cleft between the auricle and the mastoid process, in the dis- 
tribution of the auricular branch of the vagus. 


hearing was undisturbed (Fig. 4). Examination on February 9 showed complete 
facial palsy with ageusia in the distribution of the left chorda tympani. Hearing 
was normal. An eruption of herpes zoster was distributed posteriorly in the cleft 
between the auricle and mastoid region. (See Fig. 5.) 

Comment.—This case is interesting because of the situation of the eruption in 
the distribution of the auricular branch of the vagus, and the associated facial 
palsy, which I attribute to an inflammatory reaction in the geniculate ganglion 
of the seventh nerve. 


Case 5.—He rpes Zoster Oticus with Facial Palsy.— | Referred by Dr. Josephine 
Walter of New York City.) Miss S., aged 30, in good health. Onset the last week 
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August 4 \cumet right sich lon sy) om Slight icial wea 
ness is still apparent at the ta e is still diminished on the right (salt pra 
tically norma Sensation f face slig v hypestihet ic The auditory inal reflex 
still diminished Phere s tinnitus aurium; the right side of the face shows 
lithhinished Tara t norn yaivanic responses 
CASE 13 llerp 4 oe th Facial Palsy a Ludit Nuympt § 
Observation | Lhevrrpnne ' Man. aged 32. On Ma i 14 e the patient 
was walking in a snowstorm, 1 t side of the face was exposed to severe old 
bive ivs lates re itis and on Mareh 20. onset with vomiting and ve 
tine bjects rotating fron vht to left 
(lnm the morn of the Zot on awakin natient had a i ‘ ina evere 
pains in the right ear, a mpanted by roaring sounds \ weakness of the right 
side of the Tace is also al irent fhe pain radiate | to the forehead, eve and to 
he teeth of the upper at ! iw Sensation of the right side of the face was 
diminished March 22. the tea st etion was absent nthe ri t sicle were Was 
i right facial pals uw I rumus followed lateral movement In the fossa of 
the helix n the lobe of ind on the tuts. There vas an eruption of herpes ’ 
oster lhere were no Ves ‘ vithin the auditor eanal. Hearit is diminished | 
on the right: the watch t it 35 em... not heard on the mast | lhere was co i 
siderable disturbance of t ibrium both in standing and walking lhe gums ! 
Lh in welow nm tive olit siecle were a iittle swollen Tlie njunctival retlex 
was absent on the t Sensation of taste was lost on the right 
Mareh Sl. ta Vas imp Hearing on the right was 40 em. by watch: bone 
! etion Tor val I ! l absent 
April |. there was still \ tive and tinnitus: tear secreti« norma | od 
April 3. tinnitus in tl ! isional shooting pains Bom nduection 
had improves 
April 5. taste improved 
April 25, patient complained of cold sensation in the ea 1 constant tin : 
nitus im the ear The upper inch of the seventh shows mprovement, none of 
the lower branch Lhe iit was much better Lhe bone miuction on the right 
Wis absent the wat Wits i oniv on contact tor sever Vs Past the hhaae 
been diplacusis on the right sic ind a disagreeable sensa n Was produced b 
mus il tones 
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CASE 30 Herpes Zost Oecipitocollaris with Facial Pals Referred trom 
the Hudson Street Hospit service of Dr. Conner.) A man, aged 60, with spasti 
paraplegia of ma ears iration of syphilitic origin. Onset of present illness 
Feb. 10. 1006. with shat shooting pains in the right side of the neck, occiput and 
mastoid region \ fk ivs later an herpetic eruption appeared in the right 
oecipitocervieal distributior \ right facial palsy developed within a week after 
the appearance of the eruptior There were no subjective disturbances of taste or 
hearing at the time of onset The eruption cleared up in a few days, leaving 
numerous piemente scars Severe shooting pains with burning and itching still 


persisted 
On examination, May 16, 1906, there was still evident a right facial paralysis 


but with slight power of \ intarv movements in all of the branches. Innervation 
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Fi. 17 Cass ” TT . pitocollaris with facial palsv on the affected 
f the palat is . = iri was normal sensation of taste 
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Voluntary innervation of the face had improved, especially in the upper branches 
in the lower branches, beginning contracture was apparent Partial reaction of 


degeneration still present 


Case 31 Herpes Zoster Facialis with Facial Palsy and Deafness Observa 
tion by Kaufmann.) A man, aged 34. Mild prodromal symptoms with fever and 
headache. On July 25, a redness of the left cheek and an eruption of herpes zoster, 
accompanied by headache, vertigo and repeated vomiting. July 26, still headache 
and repeated vomiting. July 29, sudden development of a left facial palsy with 
tinnitus and total deafness of the left ear. Palate normal; taste lost August 24, 


patient had no vertigo, but constant tinnitus in the left ear. August 27, the facial 


palsy had cleared up but vertige and disturbances of the equilibrium were still 
present. November 5, patient had recovered but with tinnitus and some diminu 
tion of hearing on the affected side 


Comment The oceurrence of repeated vomiting before the onset of the audi 
tory disturbances in this case suggests a probable involvement of the fibers of the 
vagus. 


9. CONCLUDING REMARKS 


From the evidence which has been presented, | believe that we ar: 
justified in isolating a large and varied group of cases, characterized by 
herpes zoster of the cephalic extremity, associated with facial palsy, audi 
tory, glossopharyngeal, and pneumogastric symptoms, and in regarding 
them as constituting a well-defined clinical picture. A number of syn 
lromes are thus united in a symptom-complex, having a common etiology 
and pathology. 

The neural complications may occur singly, or in various combina- 
tions, depending on the degree of the infection and the localization of the 
inflammatory process. Because of the tendency to invasion of more than 
one ganglion in cephalic zona, neural complications may occur even when 
the eruption is situated in the distribution of a ganglion situated above 
or below that causing the paralysis. In this event the nerve complication is 
caused by an inflammatory reaction in the ganglion of the affected nerve 
sufficient to cause a transient palsy, but not to produce an eruption. 

The gene.« symptoms may be very mild, or they may reach a high 
degree of severity, 1n consequence Ol which a considerable variation in 
the clinical picture results. 

The neural symptoms are often singularly transient in their duration, 
all trace disappearing within a few days or a fortnight. Not infrequently 
permanent structural changes take place with persistent disturbance of 


function. 


30. Kaufmann, D.: Ueber ein Fall von gleichseitiger, acut aufetretenen Erkran 
' 


kungen des Acusticus, Facialis und Trigeminus, Ztschr. f. Ohrenh., 1896-7, xxx, 


125. 
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As is well known, paralytic complications may occur in other parts of 
the body in zona; notably of the ocular nerves, but also in the distribution 
of the spinal nerves. These are, comparatively speaking, rare, probably 
because the inflammatory lesions are limited by the capsule of the 
ganglion, and in order to reach the motor nerves of the eve in Gasserian 
involvement, or the anterior root in that of the spinal ganglia, the inflam- 
mation must first break through this fibrous wall, or travel for some 
distance along the course of the sensory nerve. The capsule of the 
ganglion, therefore, forms a natural barrier and protection against the 
extension of the inflammatory process. 

Anatomical conditions are different, however, in the ganglia under 
consideration. Here the fibers of the seventh, eighth, ninth and tenth 
nerves are in more immediate relation to the cell structures of their 
respective ganglia, and are not separated by an intervening fibrous wall. 

For this reason very slight inflammatory reactions within these 
ganglia jeopardize their respective nerve fibers. This intimate associa- 
tion of ganglionic structure and nerve fibers would account, not only for 
those cases with light and transient symptoms, but also for those of a 
more severe grade, with lasting impairment of function. 

In my study of this group of cases, | have encountered none in which 
a fatal issue could be attributed directly to the disease itself. It is well 
known that a unilateral lesion or section of the vagus is not necessarily 
dangerous to life; and as herpes zoster is usually unilateral pneumo- 
gastric involvement on one side would not be fatal. If, however, bila 
teral zona of the cephalic extremity should occur, involving the ganglia 
of the pneumogastric nerves on both sides dangerous symptoms, or even 
a fatal termination might result. It is perhaps significant in this con- 
nection to recall the wide-spread belief among the laity of the fatal ten- 
dency of bilateral shingles. Possibly we have here an explanation for a 
tradition which is common to all nations. 

1 would also emphasize the fact that in my study of this subject, | 
have found no cases with facial, auditory glossopharyngeal or pneumo- 
gastric nerve complications, accompanying an eruption of herpes zoster, 
except when situated on the cephalic extremity of the body; 1. e., herpes 
facialis, oticus, pharvngis, laryngis lingualis, and occipitocollaris. That 
such neural complications do not accompany an eruption in the lower 
segments of the body Is readily understood from the tendency of the 
posterior poliomyelitis to limit itself to a small series of ganglia, usually 
only one or two. In severe forms of infection, however, with extensive 


involvement of the cerebrospinal chain of ganglia there is no reason, 


theoretically, why cranial nerve palsies may not occur. 
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I have attempted to differentiate the somatic zones of the geniculate, 
glossopharyngeal, and vagal ganglia on the external ear, as well as their 
intraoral, splanchnic zones within the buccal cavity. The demarcation of 
these zones is, however, only a preliminary one. It will, 1 hope, direct 
attention to the subject and may prove of value as a guide in future inves- 
tigations. I believe that we have in the “herpes zoster method” an 
important key to the solution of this intricate problem. 

It is my firm conviction that cases belonging to the group which | 
have just described are of much more frequent occurrence than might be 
inferred from the study of our literature. The reasons for which are 
to be found in the smallness and inaccessibility of the eruptive areas, 
making their detection difficult; or all traces of the eruption may have 
disappeared before the case comes under observation, when a retrospective 
diagnosis might be difficult or impossible. 

It also seems probable, that some cases which are interpreted as rheu 
matic palsies of the face, palate, and even the larynx, may belong to this 
group; as well as toxic unilateral palsies of obscure origin, This, | believe, 
s also true of unilateral affections of the auditory nerve. 

It is interesting to note, in this connection, that herpes zoster may 
apparently occur in an abortive form (Widal*'), ranning its course with 
mild general symptoms, and a few neuralgic pains, but without the char 
acteristic eruption. In cases of this doubtful nature, as well as in thos 
rheumatic affections of the facial and auditory nerves accompanied by 
neuralgic symptoms and localized neuralgic pains, the demonstration of a 
lyinphocytosis of the cerebrospinal fluid would have a considerable diag 
nostic value, as recent investigations have shown that these are frequent 


increased in herpes zoster.** 
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